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TRANSACTIONS 

OP  THE 

AMERICAN   INSTITUTE  OF 
ELECTRICAL  ENGINEERS. 


Vol.  VIII.        New  York  City,  January,  1891.  No.  1. 


Special  Meeting,  Dec.  16th,  1890. 


The  meeting  was  called  to  order  at  8.15  P.  M.,  by  President 
W.  A.  Anthony. 

In  the  absence  of  the  Chairman  Francis  B.  Crocker ;  Dr.  Wm. 
E.  Geyer,  a  member  of  tlie  Committee  submitted  the  report  of 
the  Committee  on  the  Valuation  of  the  Henry.  [See  Trans- 
actions, meeting  of  January  20th.  1891,  page  31,  for  a  copy  of 
this  report  and  discussion  thereon.] 

The  Secretary  : — I  move  that  the  consideration  of  this  report 
be  deferred  until  the  next  meeting,  I  might  give  as  one  reason 
that  the  paper  which  is  to  be  read  to-night  has  some  bearing  upon 
it,  and  we  have  another  Committee  to  report  at  that  time,  while 
our  calendar  is  pretty  full  for  to-night,  and  I  think  it  would  be 
well  to  defer  consideration  of  it  until  January  20th. 
[The  motion  was  carried.] 

Mr.  Kennelly  then  read  the  foil  owing  paper  on  "  Inductance  and 
its  Proposed  Unit  the  Henry." 
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ber ibtk,  fSqo.  President  IV.  A.  A ntkony  in  the  Chair. 


INDUCTANCE    AND    ITS     PROPOSED     UNIT    THE 

"HENRY." 


BY    A.    E.    KEN  NELLY. 


Perhaps  the  greatest  discovery  of  Faraday's  long  career  of 
s^cientific  research  was  that  of  electro-magnetic  induction  in  the 
year  1831,  when  he  first  brought  to  light  the  influence  exerted  by 
41  magnet  or  a  current  upon  surrounding  matter  when  subjected 
to  a  change  of  magnetic  potential.  Oersted  had  shown  that  a 
^conductor  carrying  a  current  exercised  electro-magnetic  influence 
at  a  distance,  and  Ampore  had  enunciated  those  simple  and 
"beautiful  laws  this  influence  is  admitted  to  obey,  but  t'araday's 
'discovery  was  a  great  step  ;  it  revealed  the  action  of  magnetic 
force  in  apparently  empty  space ;  it  inaugurated  that  deeper  in- 
sight into  the  mechanism,  still  only  dimly  guessed,  which  con- 
nects matter  with  all  other  matter  in  space ;  and  it  invested  the 
4ill  pervading  ether  with  a  dignity  and  power  that  in  the  hands 
•of  many  great  men  since  his  time,  has  probably  paved  the  way 
for  our  future  comprehension  of  magnetism,  gravitation,  and 
xadiant  energy,  while  making  the  hypothesis  of  action-at-a-dis- 
tance  a  mere  mathematical  conception  and  process  of  thought. 

The  development  of  this  discovery  of  electro-magnetic  induc- 
tion has  practically  created  electrical  engineering,  for  it  is  to 
■machinery  operating  by  electro-magnetic  induction  that  we  owe 
jiearly  every  branch  of  electrical  industry  except,  perhaps,  tele- 
<i:rapliy,  the  forerunner  of  all;  and  the  condition  of  modern 
electrical  engineering  is  such  that  the  units  and  nomenclature 
relating  to  steady  currents  and  permanent  magnets  is  insufficient 
for  practical  recjuirements,  and  the  conditions  developed  by 
variable  currents  and   mao^nets   demand   the    establishment   of 
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Foremost  among  these  required  units  is  that  of  inductance,  or 
as  it  is  commonly  called  the  co-efficient  of  induction.  This  in- 
ductance is  a  property  fully  as  essential  to  every  electric  conduct- 
ing circuit  as  resistance  and  electro  static  capacity,  and  the  in- 
ductance of  a  circuit  when  conveying  variable  currents  is  often  a 
far  more  important  factor  in  regulating  the  flow  than  the  ohmic 
re-^istance.  In  fact  we  know  that  Ohm's  law  does  not  apply  to  a 
circuit  so  long  as  the  current  is  unsteady,  unless  the  inductance  of 
the  circuit  or  the  counter  electro-motive  force  it  involves  be  in- 
troduced into  the  expression. 

In  confornoity  with  the  conventional  and  so  called  absolute 
units  of  electro-magnetism,  an  inductance  is  a  length  and 
theoretically  can  always  be  computed  from  the  geometrical  re- 
lations of  a  circuit ;  that  is  to  say,  if  the  distance  of  each  point 
from  all  other  points  of  a  circuit  be  measured,  or  inferred,  in  . 
inches  or  centimetres,  the  inductance  of  the  circuit  will  be  some 
definite  number  of  inches  or  centimetres,  capable  of  being  de- 
termined by  a  possible  if  not  a  convenient  process  of  summation. 
If  the  circuit,  however,  be  associated  with  iron  or  other  magnetiz- 
able matter,  then  the  magnetic  permeability  of  the  environment 
will  enter  the  terms  of  summation  as  a  multiplier.  In  the  abso- 
lute centimetre-gramme-second  system  of  units,  inductance  will 
be  necessarily  expressed  in  centimetres,  and  the  centimetre  Is 
thus  the  natural  scientific  unit,  although  unsuited  to  the  require- 
ments of  electrical  engineering. 

It  may  be  well  to  notice  that  inductance  is  only  conventionally 
and  perhaps  not  essentially  a  length.  Professor  Riicker  has 
pointed  out^  that  the  multiplication  of  the  permeability 
factor  with  the  length  factor  is  always  tacitly,  if  not  expressly  in- 
volved, even  when  the  circuit  considered  is  far  from  magnetizable 
matter  in  the  ordinary  sense  ;  that  is  to  say  when  residing  in  a 
medium  of  unit  permeability,  and  therefore  the  nature  of  in- 
ductance is  not  merely  length,  but  length  multiplied  by  permea- 
bility, while  physics  has  not  yet  decided  whether  permeability  is 
the  simple  numerical  factor  at  present  assumed,  or  a  function  of 
length,  mass  and  time.  Until  this  question  is  settled,  the  real 
nature  of  inductance  must  be  considered  as  doubtful,  and  the 
fact  that  inductance  will  probably,  in  any  event,  be  always 
measured  by  lengths  is  no  more  validly  an  argument  as  to  its 
nature,  than  the  usual  determination  of  a  body's  mass  by  the 
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earth's  gravitational  force  upon  it  is  an  argument  that  mass  is  a 
force.  However,  tlie  (piestion  is  one  of  tlieory  only,  and  does 
not  aflEect  the  consideration  of  the  practical  unit. 

As  has  been  pointed  out  l»y  Dr.  Sumpner,  *  there  are  no  less 
than  three  ways  of  deiining  the  inductance  of  a  circuit,  or  a  por- 
tion of  a  circuit,  and  the  three  definitions  aie  equivalent  when 
the  permeability  of  the  magnetic  medium  is  unity,  but  are  not 
generally  equivalent  in  tlie  opposite  event,  being  then  only  re- 
lated in  a  definite  manner  by  the  magnetic  properties  of  the 
medium.  In  other  words,  the  inductance  of  a  hollow  solenoid  of 
copper  wire,  placed  in  a  vacuum  and  far  from  all  iron,  has  the 
same  numerical  value  in  each  of  the  three  definitions,  but  if  an 
iron  core  be  inserted  in  it,  its  inductance  will  depend  upon  the 
definition  selected,  and  will  only  be  capable  of  interpretation  from 


its  value  in  one  to  its  values  in  the  others,  by  taking  into  account 
the  characteristic  permeability  curve  of  the  iron,  and  the  conditions 
of  the  measurement. 

For  convenience  and  general  use,  however,  the  secondary  defi- 
nition of  Sumpner  and  Fleming^  is  probably  the  best  to  adopt, 
and  valuations  in  the  other  two  can  be  reduced  if  necessary  to  this 
when  the  data  for  so  doing  are  available. 

The  inductance  of  a  circuit  or  portion  of  a  circuit,  is  then  the 
ratio  between  the  total  induction  through  it  to  the  current  produc- 
ing it.  Thus  taking  a  simple  helix  of  five  turns  carrying  a  current 
of  two  units,  and  assuming  that  1 ,000  lines  of  force,  'passed  through 


1.  Phil,  Mag  :    June  1888.     Fifth  series,  vol.  xxv,  p.  453. 

2.  "The  Alternate  Current  Transformer"  by  J.  i\.  Fleming,  vol.  i.  p.  56. 

3.  The  term  line  of  force  here  is  used  in  the  sense  of  a  liiyB^p(u^^j^^wij^ 
the  distinction  being  necessary  when  the  lines  pass  through  iron.  ^ 
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the  central  turn,  of  which  owing  to  leakage,  only  900  thread  the 
next  adjacent  on  each  side,  and  again  only  800  through  the  end 
turns,  there  would  be  "800  +  900  +  1,000  +  900  +  800  or  4,400 
linkages  of  lines  witli  the  wire,  and  this  being  with  2  units  of 
•current  there  would  be  2200  linkages  witli  unit  current,  and 
consequently  the  self  inductance  of  the  helix  would  be  2200 
<5entimentres.     [Fig.  1.] 

The  fact  that  such  helices  are  used  in  galvanometers,  and  that 
the  magnetic  force  at  any  point  within  them  is  admitted  to  be 
proportional  to  the  strength  of  the  traversing  current,  renders  it 
evident  that  had  the  current  in  this  case  been  one  unit,  2200  lines 
linked  with  the  coil  would  actually  have  been  produced.  Sup- 
posing, however,  that  the  helix  had  been  wound  upon  an  iron  core, 
the  total  number  of  linkages  with  the  same  two  units  of  current 
would  have  been  greatly  increased,  perhaps  twenty-fold  or  to 
88,000  and  the  inductance  then  by  the  same  rule  would  be  44,000. 
In  this  case  one  unit  of  current  would  not  in  all  probability  re- 
•duce  the  number  of  linkages  to  44,000,  the  exact  number  would 
•depend  upon  the  characteristic  curve  of  the  iron  core,  and  the  de- 
.•gree  of  saturation^  so  that  it  would  now  be  necessary  to  state  the 
conditions  of  the  measurement  along  with  the  result,  in  order  to 
•convey  a  clear  and  definite  meaning. 

It  appears  anomalous  at  first  sight  to  state  the  above  induct- 
ances in  centimetres  when  they  are  derived  from  the  number  of 
lines  of  force,  but  it  is  to  be  remembered  that  the  total  number  of 
linkages  is  divided  in  each  case  not  by  a  mere  numeric,  but  by  a 
current,  and  this  quotient  can  be  proved  to  be  a  length  in  the  ex- 
isting system  of  dimensions. 

In  the  same  way  the  mutual  inductance  of  two  conductors  is 
the  ratio  of  the  total  induction  through  one  of  them  to  the 
strength  of  current  in  the  other  producing  it.  Suppose  two  coils 
of  copper  wire  to  be  held  in  free  space  far  from  iron,  and  let  one 
of  them  be  traversed  by  a  steady  current  of  say 'four  units.  Of 
all  the  lines  of  force  issuing  from  this  coil,  suppose  500  pass 
through  the  other  coil.  For  simplicity,  imagine  the  second  or  re- 
cipient coil  to  be  composed  of  eight  turns  so  disposed  that  the  500 
lines  pass  through  all  in  succession.  There  will  then  be  4,000 
linkages  of  lines  with  that  coil,  and  the  mutual  inductance  of  the 
two  will  be  4,000  -f-  4  or  1000  centimetres.  It  is  interesting  to 
notice  that  the  same  result  would  be  reached  if  the  second  coil 
had  the  current  and  the  linkages  were  counted  in  the  first,  the 
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pair  being  mutually  conjugate  in  this  respect  provided  they 
reside  in  a  medium  of  uniform  permeability. 

Thus  far  we  have  only  considered  ther  centimetre  or  absolute 
unit,  whose  unfitness  for  practical  use  is  evident,  since  the  smallest 
inductance  that  is  at  present  known  to  engineering  amounts  to 
several  thousand,  while  the  average  values  met  with  are  counted 
in  millions  of  centimetres.  It  would  of  course  be  possible  to  name 
suitable  units  from  the  metrical  system  of  lengths,  but  it  is  the 
proposal  of  this  Institute  to  adopt  the  word  "  Henry  "  as  the  practi- 
cal unit,  in  honor  of  the  man,  who  beyond  all  doubt,  was  among 
the  foremost  to  extend' the  knowledge  thus  far  possessed  of  self 
and  mutual  inductance. 

If  the  selection  of  the  practical  unit  were  entirely  free  and 
subservient  only  to  practical  requirements,  so  that  its  magnitude 
should  expre&  ordinary  vahies  in  digits  with  fewest  decimals  on 
the  one  hand,  or  large  numbers  on  the  other,  there  seems  most 
reason  to  believe  that  tlie  thousandth  of  the  earth-quadrant  or 
myriametre  would.be  the  most  eligible. 


Proposed  Name 


Henry 
Millihenry. 
Microhenry. 


Length. 

Number  of  Centimetre*, 

Unit. 

F.arlh  Quadrant 

'             I,ri>o,noo,0<X> 
100,000,000 

lO.fOJ.OOO 

Priictical  Unit. 

Myriametre. 

1                           1 .000,000 

Kilometre. 

100,000 

Hectometre, 

I0,000 

Decametre, 

1                           i,ooo 

Metre, 

1<K) 

!)«'».  imcire. 

1                            ^^* 

<'erlimetr". 

1                                 1 

Alxsolnte  Unit. 

Of  course  large  iron  machines  employing  many  turns  of  wire 
linked  by  dense  magnetic  fields,  would  have  inductances  more 
appropriately  expressed  in  earth-quadrants,  which  might  then  be 
termed  the  *'kilo-henry"  just  as  we  now  have  the  watt,  and  kilowatt,, 
but  there  is  one  restriction  which  makes  such  a  selection  undesir- 
able, and  that  is  the  hitherto  unbroken  system  of  practical  units 
itself.  This  pratetical  system  is  a  sub-scheme  of  the  great  interna- 
tional C.  G.  S.  system  and  especially  planned  for  adaptability  to 
practical  requirements.  It  is  derived  from  that  parent  system  by 
the  substitution  for  the  unit  of  length,  one  thousand  million  centi- 
metres in  place  of  one  centimetre,  and  for  the  unit  of  mass  an  im- 
palpable  entity  definite  only  in  thought,  the  one-hundred  millionth 
of  a  milligramme  in  place  of  the  gramme.  13y  this  substitution 
in  the  C.  G.  S.  electromagnetic  units,  we  obtain  the  hitherto  un- 
broken system  of  the  volt,  ohm,  ampere,  coulomb,  joule,  watt,  and 
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farad.  Even  these  units  are  not  always  the  most  convenient, 
witness  for  example  the  micro-farad  in  common  use,  whose  prefix 
is  maintained  simply  in  deference  to  tlie  harmony  of  tlie  system^ 
for  the  farad  is  a  capacity  that  exists  only  in  imagination ;  the 
capacity  of  the  earth  itself  being  only  about  TOO  microfarads,  and 
of  the  sun,  or  rather  a  si>here  having  the  apparent  dimensions  of 
the  sun  being  only  about  76,000  microfarads.  Onthe  other  hand 
a  proposition  has  lately  been  made  to  infringe  the  system  hy 
making  the  volt,  the  ampere  and  the  watt,  ten  times  their  present 
values,  on  the  ground  of  practical  convenience.^  However,  at  the 
present  time,  it  would  surely  be  unadvisable  to  attempt  the  pre- 
cedent of  infringing  a  system  that  has  hitherto  been  suppoi'ted 
by  time,  custom,  and  international  Copgress. 

In  this  practical  system,  the  unit  of  inductance  must  be  1,000' 
million  centimetres.  That  is  an  earth-quadrant  or  the  distance 
from  the  pole  to  the  equator,  measured  on  the  meridian  of  Pai-is. 
Strictly  speaking,  it  is  only  the  quadrant  of  the  French  standard 
earth,  which  is  about  one-hundredth  of  one  per  cent,  shorter  than 
the  acknowledged  actual  earth-(juadrant,  according  to  tlie  best 
determinations,  hut  the  fact  of  the  latter  l)eing  10,0()1  kiU)metre& 
instead  of  L0,000,  is  a  mittter  of  precision  in  definition  only  and 
in  no  way  aifects  the  practical  unit. 

As  regards  the  history  of  the  subject,  it  would  appear  that  prior 
to  1887,  measurements  and  deductions  were  confined  to  scientiiic 
works,  and  were  expressed  in  absolute  units — centimetres.  In 
that  year — however,  a  paper  was  read  l)efore  the  British  Institution 
of  Electrical  Engineers  by  Messrs.  Ayrton  and  Perry ,*^  who  in- 
vented and  developed  a  practical  measuring  instrument  for  the 
measurement  of  inductance,  who,  aided  by  Dr.  Sumpner,  made 
important  contributions  to  the  literature  of  the  subject,  and  wha 
proposed  a  name  provisionally  for  the  practical  unit.  That  name 
was  the  secohm,  a  conti*action  of  second-ohm,  implying  the  fact 
that  the  product  of  the  two  was  the  length  equal  to  the  practical 
unit.  They  drew  attention  to  the  fact  that  since  the  Paris  Con- 
gress of  ISSi  had  fixed  the  standard  legal  ohm  as  the  resistance 
of  a  column  of  mercury  at  zero  Centigrade,  106  centimetres  long; 
and  one  square  millimetre  in  cross  section,  whereas  the  true  ohm 


1.  Tke  Electiieutii  of  London  ISept.   iJUli,  18JiO,  p.  558.  Kopoit  of  British 
Association  Discussion. 

2.  Journalofthe  InstUa'ion  of  Elfclrical  Enyineers,    London,  April,   1887, 
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was  in  all  probability  106.3  centimetres,  or  one-quarter  of  one 
per  cent,  greater,  the  inductances  measured  in  tlie  manner  they 
suggested  from  seconds  and  legal  ohms,  would  be  in  terms  not  of 
the  standard  earth  quadrant  of  10,000  kilometres,  but  of  legal  earth 
quadrants  9,978  kilometres  in  length.  The  diflEerence  practically 
is  not  very  great,  but  to  avoid  error  or  confusion  in  definition, 
they  advocated  provisionally  the  term  secohm,  in  place  of  quad- 
rant. 

The  Paris  Congress  of  1889  adopted  the  "  quadrant "  as  the 
practical  unit  of  inductance  defining  it  as  1,000  million  centi- 
metres. 

The  practical  range  of  inductances  is  second  only  to  that  of 
resistances,  and  the  latter  we  know  from  a  few  microhms  up  to 
thousands  of  megohms.  The  smallest  inductances  are  those  of 
Hertz  resonators  which  descend  to  the  order  of  metres.  Excluding 
these,  however,  the  smallest  are  perhaps  met  with  in  measuring  . 
instruments  intended  to  have  negligibly  small  inductance,  such  as 
doui)ly  w.>und  resistance  coils,  Cardew  voltmeters,  and  the  like. 
These  descend  to  the  order  of  decametres,  and  can  generally  be 
expressed  as  such  without  prefixing  decimal  points.  It  is  evident 
that  the  term  microhenry  would  suitably  apply  to  their  designa- 
tion. At  the  other  end  of  the  scale  we  find  large  induction  ma- 
chines linking  dense  fields  with  many  turns  of  wire,  and  reaching 
inductances  of  hundreds  or  even  thousands  of  henrys.  Interme- 
diate betAvcen  these  limits,  there  exists  a  large  class  of  circuits 
havinsj  many  turns  but  little  iron,  or  clad  in  iron  with  few  turns 
of  wire,  and  these  seem  to  be  best  expressed  by  the  term  milli- 
henry, equivalent  to  the  myriametre. 

With  the  object  of  setting  forth  the  advanta:^es  to  be  derived 
from  the  use  of  this  nomenclature,  it  maybe  perniis.sii)]e  to  adopt 
it  provisionally  in  describing  tlie  measurements  that  follow. 
These  measurements  have  been  made  on  different  types  of  appa- 
ratus at  different  times  and  by  different  methods,  so  that  they 
represent  mean  values  from  several  observations  in  many  cases, 
but  allowance  must  be  made  for  the  variations  of  standard  and 
type. 

In  telegraphy,  the  inductance  of  an  ordinary  Western  Union 
140-ohm  relay  is  about  three  henrys  with  the  armature  drawn 
well  back,  and  nine  henrys  with  the  armature  pressed  against  the 
poles,  in  the  latter  case,  of  course,  the  magnetic  reluctance  of  the 
iron  circuit  is  a  minimum,  and  the  same  current  y|^ilij^)^aifej^i§|?iL 


18ft ».]  KKNNELL  Y  OS  IND  UCTANCE.  9 

three  times  as  many  lines  to  circulate  through  the  iron.  At  the 
position  of  the  armature  in  ordinary  adjustment  the  inductance 
is  al)Out  five  henrys. 

The  inductance  of  an  ordinary  standard  \i)co  relay  is  from  200 
to  500  millihenrys,  according  to  the  position  of  the  armature 
relatively  to  the  poles. 

The  inductance  of  an  ordinary  sounder  is  similarly  from  25  to 
50  millihenrys.  These  inductances  are  the  values-  obtained  with 
only  a  few  milliamperes  through  the  coils,  and  since  the  path  of 
the  induction  is  largely  through  iron,  the  inductance  varies  with 
the  strength  of  the  current  used.  Practically,  however,  the  varia- 
tion is  small  within  the  raqge  of  current  at  which  instruments 
usually  operate. 

Submarine  Telegraphy. 

The  inductance  of  a  mirror  speaking  galvanometer  of  the 
ordinary  type  having  2,250  ohms  was  found  to  be  3.6  henrys. 

Telephony. 

The  inductances  met  with  in  the  ordinary  long-distance  tele- 
phone apparatus  are  as  follows : 

The  call  bell  80  ohms  and  1.4  henrys. 

The  magneto  armature  550  ohms,  and  from  2.7  henrys  with 
the  plane  of  the  coil  in  the  line  joining  the  poles,  to  7.3  henrys 
when  the  iron  core  joins  the  poles,  the  plane  of  the  coil  being 
then  at  right  angles  to  the  magnetic  flux. 

The  induction  coil  primary  0.28  ohm  and  3.5  millihenrys. 

Secondary  164  ohms,  and  734  millihenrys. 

The  mutual  inductance  between  the  coils  60  millihenrys. 

The  Bell  telephone  receiver  75  ohms  and  from  75  to  100  milli- 
henrys. The  removal  of  tho  diaphragm  from  an  ordinary  tele- 
phone of  this  type  reduces  the  inductance  about  35  per  cent.  All 
these  inductances  are  to  currents  of  a  few  milliamperes  only.  As 
regards  the  inductance  of  aerial  line  wires,  it  is  to  be  regretted 
that  measurements  are  not  yet  fortlicoming,  and  indeed  the  ex- 
perimental determination  is  attended  with  some  difficulty,  owing 
to  static  capacity  and  imperfect  insulation.  In  the  absence  of 
-direct  measurements,  theory  indicates  that  the  inductance  of  over- 
bead  copper  wires  depends  upon  the  elevation  above  the  ground 
as  well  as  upon  the  diameter.  In  the  case  of  iron  wires  as  used 
in  telegraphy,  the  permeability  of  the  iron  enters  as  an  additional 
factor.     The  following  table  of  inductances  fof  copper  wire8,a8 
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based  upon  a  formula  first  given  by  Clerk  Maxwell.*  It  is  to  be 
hoped  that  experimental  evidence  may  shortly  be  collected 
corroborating  tliese  results : 

TABLE    OF    INDUCTANCES  OF  COPPER    AERIAL    LINE    WIRE,    PER    KILO- 
METRE   AND     MILE,    FOR     DIFFERENT    DIAMETERS,    AND 
ELEVATIONS    ABOVE    THE    GROUND. 


Diamelc 
of  wire. 


Centre-   inches, 
metre. 


Elevation  above         Elevation  above         Elevation  above    j     Elevation  above 
,     ffn>und  Kround  ground  j  ground 

400  cms  or  13.1  ft       700  cms  or  23.  ft.  '    :o  )oems  or  1^.8  ft.     1300  ems  or  42.7  ft. 


Millihcnrys  or 
Myriamctres. 


I    o.5'3 

;    0.60 

I 
0.70 

0.80 

0.90 

1. 00 


1^0- 


o.io  O.OJ9  ,  I  9S6 
o  20  0.079  1 1  1.848 
0,30 


0.118  11  1.766 
0.158  II  1.7C9 
0.197    p     1.664 


0.236 
I  0.276 
I    0-3J5 

;  0,354 
,  0.394 


i..6.:8 
1.596 
I  570 
1-547 
1.526 


^\c. 


3.196 
2.974 
2.842 
a.T5  . 
2  673 
2.621 
2.560 
2  5?7 
2.489 
7.456 


Milliheniys  or 
Myriametres.' 


ppr 
Kilo- 


2.10.;) 
1. 96 J  ■ 
1.878 

1.021 
1.776 
1.74" 
i.yo9 
1.682 
1.659 
1.638 


per 
Mi4e. 


J-393 
3-154 
3.022 
2.930 
7  858 
2.800 
2.750 
2.706 
a. 669 
2.635 


Millihenrys  or 
Myriaraetres. 


per 
Kilo- 
metre. 


1. 050 
1.892 
1.847 
I  8it 
1.780 
1.75a 
1-73' 
1.70.) 


per 

Mile. 


3-493 
3.268 
3-138 
3."^5 

2  073 

2.014 
2.865 

2.7-5 
2.750 


Millihenrys  or 
Myriametres. 


per 
Kilo- 


:ilo.  Pt^r 

mcirc.         ^1"«- 


2  222 

2.083 

2.0O2 

1.945 
1. 900 
1.863 

1.833 
1.806 

1.783 
1.761 


3-576 
3.352 
3.222 
3.130 

3.058         I 
2.998 
2.950        I 
2.906        I 

a. 870 
2-834      ' 


Tlie  inductance  of  iron  wires,  in  tlie  absence  of  measurements, 
is  almost  too  doubtful  to  justify  calculation,  being  perhaps  10 
times  more  than  the  inductance  of  copper  wires  under  similar 
conditions.  The  diflSculty  in  their  case  lies  in  assigning  the  proper 
value  of  permeability. 

Electric  Light  and  Power. 

Dynamos  and  dynamo-electric  machinery  are  of  course  gen- 
erally characterized  by  large  inductances. 

The  inductance  of  the  field  magnets  of  a  (iynamo  may  have 
any  value  depending  on  the  size  and  voltage  of  the  machine  from, 
one  henry  up  to  900  henrys. 

The  inductance  of  an  armature  may  similarly  vary  from  20 
millihenrys  up  to  50  henrys  between  brushes.  One  millihenry  is 
a  fair  average  value  of  tlie  inductance  of  one  section  of  an  anna- 
ture.     Armature  inductances  depend  not  only  on  the  strength  of 

1.  Clerk  MaxweU.  '*  Electricity  and  Magnetism,"  2nd  Edition,  vol.  i.  p.  298^ 
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the  measuring  current,  but  also  upon  the  strength  of  the  field, 
and  whatever  influences  the  permeability  of  the  core. 

The  inductance  of  an  alternating  transformer  varies  from  a 
primary  of  400  millihenrys,  a  secondary  of  one  millihenry  and 
mutually  20  millihenrys  with  a  transformation  ratio' of  20,  up  to 
corresponding  values  perhaps  one  hundred  times  as  great. 

Apparatus.     The  Inductance  of  Ruhmkorff  Coils. 

The  smallest  medical  coil  in  ordinary  use  has  live  millihenrys 
in  its  primary,  100  millihenrys  in  its  secondary,  and  20  milli- 
henrys mutually  between  them. 

A  large  induction  coil  19  inches  long  and  eight  inches  in 
diameter  has  0.145  ohms.and  13  millihenrys  in  its  primary,  30,600 
ohms  and  2000  henrys  (by  two  concordant  methods  of  measure- 
ment) in  its  secondary,  and  163  henrys  nmtually  between  them. 

The  inductance  of  a  mirror  galvanometer  may  vary  from  a 
few  millihenrys  up  to  10  or  more  henrys  according  to  its  resist- 
ance. Two  henrys  is  a  fair  average  for  an  astatic  mirror  gal- 
vanometer of  5000  ohms. 

An  ordinary  electric  bell  of  2.5  ohitis  resistance  was  found  to 
have  an  inductance  of  12  millihenry?. 

There  is  one  point  in  connection  with  tlie  self  mid  mutual  in- 
ductance of  induction  coils  and  tran formers,  that  deserves  atten- 
tion owing  to  the  confusion  that  occasionally  arises  concerning  it. 
It  may  be,  perhaps,  best  represented  by  a*  numerical  example. 
Let  a  closed  Faraday  ring  of  iron,  100  centimetres  in  mean  circum- 
ference and  20  st^uare  centimetres  in  uniform  cross-section,  be 
closely  wound  with  a  primary  coil  of  2500  turns  in  one  layer,, 
followed  by  a  secondary  coil  of  7500  turns  also  in  one  layer.  If 
now  two  amperes  be  maintained  steadily  tlirough  the  primary^ 
the  magnetic  force  in  the  iron  will  be  4;7/10  times  the  ampere- 
turns  per  centimetre  of  the  iron  circuit  or  4:;r/10x2x2500-=-lOO 
or  62.85.  The  permeability  of  wrought-iron  at  this  force  being,, 
say  250,  the  induction  developed  per  square  centimetre  will  be 
250  X  62.85  or  15,713  lines,  and  the  total  induction  enclosed  by  the 
primary  coil,  neglecting  the  space  occupied  *by  the  wire  itself 
will  be  20x15,713  or  314,250  lines  which  traverse  every 
turn  of  both  windings.  The  linkages  with  the  primary  will 
be  2500x314,250, -or  in  round  numbers  786,000,000  and  re- 
ferred to  one  absolute  unit  of  current  (ten  amperes),  five 
times  this  number,  or  an  inductance  of  3,93u  million  centi- 
metres, that  is  3.93  henrys.      Similarly    the   linkages   of  these 
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lines  with  the  secondary  will  be  2.3.",8  millions,  and  for  ten  amperes 
of  primary  current  11,720  millions  of  centimetres  mutual  in- 
"ductance  or  11.79  henrys.  Next  suppose  the  primary  current 
interrupted,  and  a  current  steadily  established  in  the  secondary 
sufficient  to  produce  thlB  same  magnetic  force  in  the  iron,  thus 
avoiding  the  complication  of  a  changing  permeability.  As  the 
secondary  has  three  times  as  many  turns,  the  current  effecting 
this  will  be  two-thirds  of  one  ampere.  The  total  induction 
through  the  iron  will  now  be  the  same  as  before  and  there- 
fore the  linkages  will  be  equally  numerous.  The  self  in- 
ductance of  the  secondary  will  be  2,358,000,00(»-t-^,  or  35.370,- 
000,000  centimetres,  that  is  35.37  henrys.  The  mutual  induct- 
ance will  similarly  be  786,000,000 -^^V?  or  11.79  henrys  as  before. 
It  will  be  found  on  carrying  the  reckoning  to  the  necessary  de- 
cree of  accuracy,  that  this  mutual  induction  11.79  is  the  square 
root  of  the  product  of  the  two  eelf-inductances,  393x35.37. 

Examination  of  the  steps  in  this  calculation  will  show  that 
this  proposition  must  hold  for  all  closed  magnetic  circuits  uni- 
formly magnetized  to  the  same  degree  when  the  space  occupied 
by  the  windings  is  not  taken  into  account.  Under  the  opposite 
conditions  of  open  and  especially  of  short  iron  cores,  with  large 
winding  spaces,  the  condition  usually  fails,  and  the  mutual  in- 
•ductance  may  be  greater  or  less  than  the  square  root  of  the  self- 
inductances  multiplied  together. 

Another  reason  in  favor  of  selecting  1,000  million  centimetres 
as  the  value  of  the  practical  unit  or  Henry,  is  the  desirability  of 
having  the  time-constant  of  an  electromagnetic  circuit  expressed 
directly  in  seconds  by  its  practical  units  as  in  the  case  of  elec- 
trostatic circuits,  rather  than  revert  to  a  unit  of  inductance  that 
would  yield  the  time  constant  in  milliseconds  or  other  fractional 
period  of  time.  The  time  constant  of  a  simple  electromagnetic 
circuit,  a  circuit  having  inductance  and  resistance  but  negligibly 
small  electrostatic  capacity,  is  defined  as  the  ratio  of  its  induct- 
ance to  its  resistance,  that  is  of  its  henrys  to  its  ohms.  It  is  an 
important  function,  and  its  consideration  presents  some  remark- 
able analogies  between  inductance  and  electrostatic  capacity  that 
it  is  interesting  to  trace. 

Imagine  an  inductance  coil  c  without  iron  to  be  supplied 
with  a  steady  current  from  an  electromotive  force  e  of  50  volts. 
Let  the  inductance  of  the  coil  be  three  henrys,  and  its  resistance 
10  ohms.     [Fiff.  2.1     Ohm's  law  determines  the  strength  of  the 
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current  to  be  five  amperes.  Now  short  circuit  the  terminals  of 
the  coil  very  suddenly  by  a  wire  across  its  terminals  of  negligible^ 
resistance.  The  current  in  the  coil  c  does  not  stop  instantly^ 
but  under  the  name  of  extra  current  is  maintained  in  the  coil  by 
reason  of  its  inductance.  According  to  theory,  the  last  dregs  of 
the  current  will  never  entirely  vanish  from  the  coil,  although 
after  the  first  few  seconds  the  remainder  is  exceedingly  small. 
The  very  first  instant  after  short  circuiting,  the  current  continues 
at  five  amperes  by  its  electro-magnetic  momentum  but  being  un- 
supported, its  energy  is  lost  thermally  in  overcoming  the  coil's  re- 
sistance, and  it  immediately  falls.  In  falling,  the  lines  of  force 
linked  with  the  circuit  and  sustained  by  the  current,  are  drawn 
in,  cutting  the  coil  as  they  recede,  thus  creating  a  counter  e.  m.  f* 
tending  to  prolong  the  current,  and  this  process  of  dwindling  cur- 
rent with  reduction  of  opposition  from. the  reserve  of  induct- 
ance, descend  together.  The  total  quantity  of  electricity  that 
will  flow  through  the  circuit  under  the  conditions  specified,  may 
fairly  be  called  the  charge  or  discharge  of  the  coil,  and  it  can  be 
readily  proved  that  this  charge  is  equal  to  the  quantity  that 
would  be  conveyed  by  the  initial  discharging  current,  acting  uni- 
formly during  a  time  equal  to  the  time-constant  of  the  circuit.  In 
this  case  the  discharge  commenced  at  five  amperes,  and  the  time- 
constant  is  0.3  second,  so  that  the  total  discharge  will  be  that  due 
to  the  fiow  of  this  current  in  0.3  seconds,  that  is  1.5  coulombs. 

To  represent  the  case  graphically,  suppose  the  curve  of  dis- 
charge in  time  to  be  plotted  as  in  the  figure.  Let  the  axis  ox  be 
be  divided  off  into  seconds,  and  the  axis  oy  into  amperes. 
[Fig.  3.]  The  discharge  commences  at  five  amperes,  subsides 
rapidly  at  first,  but  at  last  so^slowly  that  an  indefinitely  longtime 
must  elapse  before  it  altogether  disappears.  The  area  enclosed 
between  the  curve  and  the  axes  represents  ampere-seconds  or 
coulombs  to  the  amount  of  the  total  charge,  and  the  proposition 
just  stated  asserts  that  if  the  current  had  continued  at  five  am- 
peres steadily  for  0.3  seconds,  the  area  of  the  dotted  rectangle 
so  generated  ydto  would  be  equal  to  the  total  area  enclosed 
between  the  curves  and  the  axes,  prolonged  to  the  ultimate  point 
of  union. 

Curiously  enough,  exactly  the  same  law  applies  to  the  discharge 
of  a  condenser  through  a  circuit  of  resistance  but  neglibibly  small 
inductance.  The  time-constant  of  the  circuit  in  this  case,  how- 
ever, being  its  capacity  in  farads,  multiplied  by  its  resistance.in 
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The  curve  of  discharge  is  of  the  same  type  for  inductances  or 
capacities.  It  is  logarithmic,  and  finds  its  prototype  in  the  case 
of  the  discharge  of  water  in  time,  from  a  tank  having  a  faucet 
at  the  base,  assuming  that  the  rate  of  escape  through  the  faucet 
at  any  moment  is  directly  proportional  to  the  pressure,  or  level  of 
water  then  remaining  in  the  tank. 

The  laws  which  control  the  outline  of  this  discharge  curve  are 
identical  for  condensers  or  short  circuited  inductances,  and  are 
combined  in  the  following  enunciation  : 

The  natural  logarithm  of  the  ratio  of  the  { J^al 'Snt } 
t»tl'«  {diSCcuilentf  at  any  instant  is  the  quotient  of  the 
time  during  which  discharge  has  been  in  progress  by  the  time 
constant  of  the  circuit. 

In  this  statement  two  reservations  are  necessary. 

The  electrostatic  circuit  must  be  free  from  all  appreciable  in- 


Klg.S 


ductance,  and  the  electro^magnetic  circuit  must  contain  negligibly 
small  electrostatic  capacity.  It  was  first  pointed  out  by  Sir 
William  Thomson  that  the  discharge  of  a  condenser  through  an 
inductance  circuit,  becomes  oscillatory  when  the  inductance  ex- 
ceeds a  certain  critical  value.  • 

When  an  inductance  discharges  through  a  break  instead  of  a 
closed  circuit,  the  conditions  become  complicated  to  a  degree  that 
eludes  complete  practical  solution  in  the  present  state  of 
knowledge. 

At  the  period  of  natural  discharge  equal  to  the  time  constant,  an 
inductance  or  capacity  charge  or  current  wilMiave  fallen  to  36.8 
per  cent,  of  its  initial  value. 

Similar  propositions  relate  to  the  charging  currents  and  quanti- 
ties. In  the  above  instance,  after  the  coil  has  completely  dis- 
charged, remove  the  short  circuiting  wire.  The  current  will 
immediately  enter  the  coil,  and  the  curve  of  its  arrival  in  time  is 
represented  in  Fig.  4,  this  curve  being  only  an  inversion  of  the 
preceding.     For  this  reason  it  is  evident  that  the  area  above  the 
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curve  now  represents  the  charge,  and  by  an  extension  of  meaning, 
the. deficit  from  full  current,  such  as  bc,  may  be  called  the 
charging  current,  since  on  discharge  and  reversal  of  the  diagram, 
this  will  be  the  discharging  current  at  the  same  lapse  of  time.  In 
fact,  the  current  ac  is  doing  work  in  heating  the  coil,  the  deficit 
from  ultimate  current  bc  being  only  active  in  increasing  the 
electro-magnetic  momentum  of  the  circuit,  and  work  is  really 
stored  in  the  coil  as  though  the  deficit  current  did  exist.  A  similar 
but  inverted  curve  of  current  in  time  represents  the  charge  of  a 
condenser.  In  each  case  and  under  the  above  restrictions  the 
following  propositions  iiold : 

The  natural  logarithm   of  the   ratio  of  the   jinUiKrrent}    *^ 

the  time  dunng  which  the  charge  has  been  in  progress  by  the 
time  constant' of  the  circuit. 

When  the  charging  interval  reaches  the  time-constant,  the 
charge  will  have  attained  68.2  per  cent,  of  its  full  value. 

Another  relation  between  simple  electrostatic  or  electro- 
magnetic circuits  and  their  time-constants  is  in  their  stores  of 
energy.  The  energy  of  the  charge  in  each  case  is  half  the 
energy  that  would  be  developed  by  the  initial  charging  or  dis- 
charging current  against  the  ohmic  resistance  of  the  circuit  in  the 
time  equal  to  the  time-constant.  In  the  above  instance  for  ex- 
ample, five  amperes  being  the  initial  charging  or  discharging  cur- 
rent, and  the  resistance  10  ohms,  the-  circuit  energy  of  this 
current  per  second  would  be  5x5xl<>=2^o0  joules,  and  during 
half  the  time-constant  the  energy  thus  developed  would  amount 
to  0.3x250-7-2  or  37.5  joules.  This  is  the  electro-magnetic  energy 
stored  up  in  the  charge. 

These  are  not  the  only  analogies  that  exists  between  in- 
ductance and  capacity,  but  there  arc  remarkable  points  of  diver- 
sity. The  discharge  of  extra  current  of  a  coil  is  in  th^  same 
direction  as  the  circuit  current,  with  the  condenser  it  is  the  re- 
verse. In  a  great  many  practical  instances,  the  electro-magnet 
.  and  the  condenser  are  used  to  annul  each  others  influence. 

The  time-constant  of  an  inductance  circuit  is  generally  small 
for  the  reason  that  a  coil  of  large  inductance  has  generally  many 
turns  and  therefore  high  resistance,  so  that  the  ultimate  ratio  of 
the  henrys  to  the  ohms  is  not  large.     For  example,  the  time-con- 
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Btant  of  a  Bell  telephone,  considered  in  itself  or  on  short  circuity 
is  from  the  measurement  abov^  described,  about  <».09-=-75  or 
0.0012  seconds,  and  therefore  a  steady  e.  m.  f.  of  say,  two  volt^,  im- 
pressed directly  upon  such  a  telephone  would  produce  in  this  in- 
terval of  time  63.25^  of  2/75  amperes,  namely  169  milliamperes. 
By  adding  inductanceless  resistance  to  the  circuit  however,  and 
raising  the  e.  m.  f.  proportionately,  the  time-constant  would  be 
lessened,  and  the  arrival  of  current  accelerated.  Strictly  speak- 
ing this  reasoning  is  inaccurate,  since  the  telephone  coil  sur- 
rounds iron,  but  with  the  small  currents  usually  employed,  the 
iron  probably  does  not  greatly  influence  the  arrival  curve.  In  the 
case  of  dynamo  field-magnets,  and  large  iron-clad  inductances 
generally,  the  divergence  of  the  arrival  curve  from  that  of  a  cor- 
responding simple  electro-magnetic  circuit  is  considerable. 

There  are  several  methods  by  which  self  and  mutual  induct- 
ance can  be  measured,  the  selection  depending  on  the  lyagnitude 
to  be  determined  and  its  nature.  The  Ayrton  and  Perry  secohm- 
meter  or  double  revolving  commutator  is  perhaps  the  most  gener- 
ally useful.  It  may  be  employed  in  connection  with  a  standard 
condenser,  a  standard  inductance,  or  apparent  change  of  resist- 
ance with  speed.  Being  used  in  the  Wheatstone  bridge,  th& 
currents  it  can  alternate  are  necessary  limited  in  strength. 

.  For  small  inductances,  ^say  less  than  one-tenth  of  a  millihenry,, 
the  method  of  Professor  Hughes^  or  its  modification  by  Lord 
Rayleigh  is  probably  best  suited,  using  two  coils  of  mutual  in- 
ductance and  a  telephone  as  the  observing  instrument. 

The  inductance  coils  are  usually  in  the  form  of  two  concentric 
rings,  the  inner  being  capable  of  rotation  about  the  common  ver- 
tical. The  mutual  inductance  of  such  a  pair  of  coils  is  a  complex 
function  of  the  dimension's  and  the  angle  between  the  planes  at 
which  the  coils  may  be  set.  It  is  usual  to  calibrate  the  instru- 
ment by  separate  measurements  of  the  inductance  at  different 
angles.  A  simpler  arrangement  however,  for  mutual  inductance 
is  a  short  solenoid  in  the  bridge  circuit  superposed  coaxially  upon 
a  long  solenoid  in  the  battery  circuit.  Adjustment  to  silence  in 
the  telephone  for  interrupted  currents  is  then  made  by  including 
in  the  bridge  circuit  a,  greater  or  less  number  of  turns  in  the  outer 

1.  Journal  of  Institution  of  Electrical  Engineern,  London  Journal,  Jan.  1886. 

2.  For  another  method  of  measuring  small  inductances  with  an  alternating 
current,  see  an  article  by  C.  Steinmetz  in  the  Electrical  Engineer,  (New  York») 
vol.  X.,  Nos.  130,  181.  Nov.,  1890. 
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solenoid.  The  tnutnal  inductance  is  then  very  nearly  propor- 
tional to  the  number  of  turns  bo  included,  and  by  suitable  pro- 
portions in  constrnction,  the  accuracy  can  be  carried  as  far  as  the 
telephone  for  the  receiver  will  permit. 

For  the  measurement  of  inductance  in  coils  on  iron  machinery, 
the  ballistic  galvanometer  is  frequently  employed,  either  by  the 
method  of  discharge  for  self  inductances,  or  induced  quantity 
with  mutual  inductances.  Mutual  inductances  connected  by 
closed  iron  circuits  present  no  difficulty  when  great  accuracy  is 
not  required,  since,  as  already  observed,  the  self  inductances  are 
calculable  in  these  cases  when  the  mutual  inductance  and  the 
number  of  turns  in  the  coils  are  known.  It  is  much  more  dif- 
ficult, however,  to  measure  the  self-inductance  of  the  field 
magnet  of  a  dynamo  when  the  armature  is  removed,  and  when 
culrents  of  the  normal  exciting  strength  are  used  in  the  measure- 
ment. The  best  attempt  has  been  made  apparently  by  observing 
the  discharge  effects  of  gradual  small  changes  of  a  strong  current 
passing  through  the  coil,  in  circuit  with  a  specially  arranged 
Wheatstone  bridge.^  If  it  were  of  sufficient  practical  importance, 
however,  to  measure  such  inductances  with  powerful  currents,  a 
recording  instrument  might  be  tried,  having  a  very  light  and 
swiftly  moving  pointer,  leaving  a  trace  of  its  motion  on  a  strip  of 
moving  paper  like  Sir  William  Thomson's  siphon  recorder.  If 
such  a  pointer  were  arranged  to  give  an  amplitude  of  movement 
at  right  angles  to  the  paper  strip,  in  proportion  to  the  current 
traversing  the  coil,  it  would  register  the  curve  of  discharge  when 
the  coil  was  short-circuited,  in  the  manner  described  above.  On 
a  sufficiently  enlarged  scale,  corrected  perhaps  for  residual  inertia 
in  the  moving  parts,  this  curve  would  give  not  only  the  totai 
quantity  of  discharge,  but  its  deviation  from  the  logarithmic, 
line  of  simple  electro-magnetic  discharge,  would  give  the  meaiih 
of  determining  the  characteristic  of  magnetization  in  the  iron. 

Of  far  lesser  importance  than  the  selection  of  the  practical  in- 
ductance unit,  but  still  well  worthy  of  separate  consideration  is 
the  selection  of  appropriate  symbols  to  represent  the  unit  briefly. 
It  might  perhaps  be  advantageous  to  represent  the  henry  by  a 
capita]  H,  and  the  millihenry  by  the  plain  letter  h.  This  nota- 
tion would  enable  such  an  inductance  as  50  henrys  to  be  written 
as  50  H,  and  50  millihenry  as  50  h,  The  microhenry  occurd  so 
seldom  that  it  would  probably  not  need  a  symbol. 

1.  Phil.  Mag  :    Feb.  1889.     Dr.  Sumpner.  ^^^^  .^  GoOglc^ 
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All  measurements  of  precision  should  employ  true  ohms  and 
not  legal  ohms  in  the  computations.  The  best  existing  value  of 
the  true  ohm  is  1.0028  legal  ohms.^ 

The  correction  is  practically  so  small  that  it  can  best  be  carried 
ont  by  altering  the  nominal  standard  temperature  of  the  resis- 
tance coils  adopted.  These  temperatures  should  be  increased  by 
9.4^0  for  platinum-silver,  6.5°C  for  german  silver,  and  13.5^0 
for  platinoid.  Thus  a  resistance  box  with  platinum-silver  coils 
standardized  for  legal  ohms  (of  106.0  cms)  at  15*^0  would  give 
true  ohms  of  106.3  cms  at  24.4*^C  as  the  best  approximation,  and 
this  would  be  the  standard  temperature  of  the  box  for  use  in 
precise  measurements  of  inductance. 


The  Peesidknt: — I  think  there  will  be  no  difference  of  opin- 
ion as  to  the  value  of  this  paper  and  that  the  discuesion  of  it  will 
be  of  the  very  greatest  interest.  But  it  has  been  suggested,  in 
view  of  the  fact  that  we  have  another  paper  of  great  interest 
coming  before  the  meeting,  which  is  likely  to  be  of  some  length, 
and  also  that  we  have  just  voted  to  postpone  the  consideiation  of 
the  report  of  the  Committee  upon  the  Value  of  the  Henry,  that 
the  discussion  of  this  paper  also  be  deferred  until  the  next  meet- 
ing, which  takes  place  on  the  20th  of  Jamiarv,  when  it  is  hoped 
that  a  very  full  discussion  will  be  had;  and  if  there  is  no  objec- 
tion we  will  therefore  consider  that  this  discussion  be  postponed 
until  that  date. 

I  will  now  call  for  the  next  paper  on  the  programme — "  The 
Improved  Gramophone,''  by  Mr.  Berliner. 


1.  Report  of  the  Commilttee  on  Electrical  Standards  read  before  the  British 
^Association,  Sept.,  1890.    See  the  London  Klectrician  of  feept.  aSth,  1890. 
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BY    EMILE    BKKLINKR. 


It  might  8eem  strange  to  you  at  first,  that  I  should  c()mmence 
discussing  the  gramophone  by  talking  about  induction  ;  but  I 
would  like  to  refer  to  a  small  portion  of  a  paper  which  1  read 
before  the  Franklin  Institute  in  1888  on  the  gramophone,  when 
it  was  first  shown,  in  which  occurs  the  following : 

"  In  my  telephonic  studies  I  had  become  familiar  with  all  the 
causes  influencing  the  transmission  and  reproduction  of  the 
voice,  and  what  had  at  all  times  struck  me  as  forcibly  as  any- 
thing in  telephonic  phenomena  was  the  fact  that  the  self-induc- 
tion of  lone  iron  wires  or  of  polarized  electro-magnets  acted  so 
detrimentally  upon  the  articulation.  Electric  resistance  alone 
would  simply  have  weakened  the  sound,  but  self-induction  meant 
retardation  and  thus  distortion  of  the  transmitted  waves  which 
varied  in  length  and  amplitude." 

And  further  on : 

'^  In  considering  such,  and  other  facts  it  became  evident  to  me, 
that  if  such  delicate  energy  as  the  voice,  subdivided  into,  maybe, 
several  hundred  waves,  should  indent  or  engrave  itself  into  a 
solid  body,  it  needed  but  very  slight  mechanical  resistance  to 
modify  considerably  the  character  of  the  sound  vibrations,  for 
what  self-fiiduction  is  to  the  telephonic  circuit,  the  variable  re- 
sistance which  impressible  material  offers  to  indentation  or  en- 
f raving  at  various  depths  is  the  phonograph  record  sheet, 
[either  is  proportional  m  direct  ratio  to  the  expended  energy, 
and  must  give  cause,  aside  from  a  reduction  in  size  of  the  sound 
characters,  also  to  a  distortion  of  the  same." 

And  that  brings  me  right  to  the  subject  of  this  evening,  and 
I  start  by  further  explaining  here,  that  those  remarks  had  refer- 
ence to  the  fact  that  in  the  phonograph  it  was  impossible  to 
make  a  loud  reproduction   which  at  the  same  time  would  be 

1.  The  cuts  illustrating  this  paper  were  kindly  Xoko^x^j^^^  Sd&nJlific 
Ameriean, 


20  BERLINER  ON  THE  GRAMOPHONE,  [Dec.  16. 

natural  in  tone.  So  long  as  yon  confine  yourself  to  the  small 
telephone  voice  the  sound  is  natural  and  very  satisfactory,  but  as 
soon  as  you  attempt  to  indent  at  greater  depth  the  waves  are  dis- 
torted, and  the  sound  becomes  unnatural.  In  the  gramophone, 
as  you  will  further  on  see,  and  I  suppose  you  are  perfectly  famil- 
iar with  the  principle,  there  is  no  indenting  and  no  engraving, 
but  there  is  a  constant  resistance,  that  of  the  light  pressure  of  an 
elastic  blade  on  a  flat  surface,  or  on  a  cylinder,  if  you  please,  but 
whatever  resistance  there  may  be  in  it,  is  constant.  And  that  is 
the  principal  difference,  speaking  scientifically,  between  the 
phonograph  and  the  gramophone,  that  in  one  you  have  a  vari- 
able resistance,  in  the  other  a  constant  resistance. 

In  May,  1888,  before  a  meeting  of  the  Franklin  Institute,  in 
Philadelphia,  I  showed  publicly  for  the  first  time,  how  sound- 


FiG.  1. — Gramophone  Record. 

records  could  be  etched  in  metal,  and  how  the  original  sound 
could  again  be  made  audible  from  such  etchings.  What  I  there 
demonstrated  was  of  necessity  crude  in  its  effects,  because  em- 
bodied in  the  invention  were  a  number  of  entirely  new  processes, 
new  principles  of  construction  and  an  art  which  dealt  with  mo- 
tions infinitesimally  small,  the  effects  of  which  can  not  altogether 
be  either  seen  or  measured ;  all  of  which  was  brought  to  bear  on 
the  single  problem  of  fixing  forever  and  with  as  much  resem- 
blance to  nature  as  possible,  both  in  loudness  and  quality,  the 
sounds  of  instrument*i,  of  noises  of  all  kinds,  and  of  that  delicate 
and  subtle  form  of  energy,  called  the  human  voice. 

At  the  same  meeting,  I  read  a  lengthy  paper  dealing  with  the 
history  of  the  twin  arts,  that  of  transmitting  sound  electrically, 
and  that  of  reeordinff  and  reproduciuff   the   same   mechanically. 
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That  the  development  of  both  arts  occurred  as  I  then  showed — 
in  parallel  steps,  is  not  the  only  excuse  for  bringing  talking 
machines  before  electrical  societies. 

In  the  gramophone,  at  least,  there  occur  materials  and  process- 
es, which  partly  or  wholly  electrical,  comprise  terms  familiar  to 
every  electrical  engineer.  Zinc,  acid,  bichromate  of  potash,  dia- 
phragms, dampers,  electrotyping,  all  these  play  their  part  in  the 
technique  of  the  gramophone,  not  to  speak  of  the  possibility  of 
applying  electric  motors  to  drive  the  machines,  and  of  using  the 
electric  current  for  rapid  etching. 

The  science  of  electricity  almost  began  with  the  immersing  of 
zinc  in  acid,  but  crude  force  alone  is  thereby  set  free,  while  in  the 
gramophone,  the  action  of  the  acid  on  the  metal  is  so  curbed  and 
regulated  that  under  it  the  zinc  becomes  a  pictuie  of  sound- 
waves which,  though  slumbering  in  a  bed  of  hard  metal,  is  ready 
at  any  time,  even  centuries  hence,  to  burst  forth  into  the  soft 
cadenzas  of  word  and  song,  the  ripple  of  laughter,  the  strains  of 
martial  music,  as  well  as  the  melancholy  and  imploring  drag  of 
the  organ-grinder's  tuneful  melody. 

The  hydrogen  which  otherwise  would  be  get  free,  is  neutral- 
ized by  the  well-known  depolarizer,  chromic  acid,  and  the  carrier 
of  the  recorded  sound-waves  is  so  perfectly  and  yet  so  delicately 
insulated  from  the  action  of  the  acid,  that  a  spiral  of  sound  un- 
dulations 600  feet  in  length,  could,  without  difficulty,  be  traced 
and  etched  on  an  8-inch  disc,  and  would  represent  when  repro- 
duced a  continuous  conversation  lasting  seven  minutes ;  all  this  au- 
tomatically, and  with  far  greater  facility  than  is  possible  in  mak- 
ing a  photograph  picture. 

In  the  art  of  etching,  that  which  insulates  the  metal  from  the 
action  of  the  acid  is  called  an  etching-ground,  and  in  the  gramo- 
phone, this  etching-ground  is  a  very  delicate  fatty  film,  deposite(f 
from  the  fluid  state  upon  the  metal  surface.  This  fluid  is  made  as 
follows  :  Into  a  bottle  containing  one  quart  of  gasoline,  benzine, 
or  petroleum  ether,  are  put  2  oz.  of  scraped,  dark  yellow  bees- 
wax, and  allowed  to  digest,  with  occasional  stirring,  for  several 
hours.  We  shall  then  find  a  clear  yellow  fluid  on  the  top,  and  a 
white  cheese  like  precipitate  at  the  bottom.  The  clear  fluid  is 
decanted  or  syphoned  oflE  into  another  bottle,  and  diluted  with 
the  same  quantity  of  gasoline. 

When  this  fluid  is  poured  on  an  absolutely  clean  and  slightly 
warmed  metal  surface,   there  remains  after  the  gasoline  has 
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evaporated,  a  delicate  fatty  film,  very  poroup,  and  feo  thin  that  it 
shineB  in  iridescent  colors.  It  is  somewhat  tenacious  to  the  tonch, 
but  loses  its  resistance  in  a  remarkable  degree  when  alcohol  is 
poured  over  it.  As  soon,  however,  as  the  alcohol  is  washed  off 
with  water,  the  film  assumes  again  its  tenacious  quality  with  ])ut 
very  small  loss  in  weight,  due  to  its  dissolving  slightly  in  alcohol. 

As  this  etching  ground  forms  one  of  the  keys  to  the  whole 
t>raTnophonic  art,  I  will  illustrate  its  qualities  by  the  following 
experiment : 

I  have  here  a  strip  of  zinc,  over  which  the  fatty  film  above  de- 
scribed has  been  deposited  from  the  solution  of  waxy  fat.  I  have 
here  also  a  piece  of  blotting  paper,  and  with  its  edge  touching  the 
film,  I  now  draw  several  cross-lines  on  the  zinc.  Next,  I  pour 
alcohol  over  it  and  draw  a  single  line  over  the  length  of  the  strip. 


Fig.  2. — Gramophonic  Vocal  Records. 

taking  care  to  touch  the  surface  as  lightly  as  possible.  I  now 
wash  off  the  alcohol  and  plunge  the  strip  into  this  glass  contain- 
ing a  solution  of  chromic  acid,  and  you  will  presently  see  the  long 
line  appearing  as  a  dark  streak  on  the  zinc,  while  the  cross-lines 
appear  less  marked  and  more  reluctantly,  showing  that  the  film 
offered  less  resistance  under  the  alcohol  than  without  it. 

When  after  about  10  minutes,  we  take  the  strip  out,  we  will 
find  under  a  magnifying  glass,  that  the  track  of  each  cotton  fibre 
of  which  the  blotting-paper  consists,  is  sharply  etched  into  the 
zinc ;  the  rest  of  the  metal  has  remained  entirely  untouched, 
such  is  the  nature  of  the  etching-ground  used  in  the  gramophone 
for  etching  sound  records. 

I  will  now  illustrate  how  such  records  are  produced,  but  I 
would  like  first  to  recapitulate  briefly  what  I  dealt  with  at  length 
before  the  Franklin  Institute,  relating  to  the  history  of  the  art 
of  making:  sound  records  of  the  human  voice.      That  dates  hack 
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to  the  year  1857,  when  Leon  Scott  patented  his  phonautograph, 
which  is  described  in  every  book  on  physical  science.  It  con- 
sisted, as  you  see  on  that  picture  yonder,  of  a  cylinder  mounted 
on  a  screw,  and  turned  by  hand,  a  barrel-shaped  mouthpiece,  a 
diaphragm  provided  with  a  damping  device,  a  flexible  stylus  at- 
tached to  the  centre  of  the  diaphgram,  and  means  for  adjusting 
the  position  of  stylus  and  record  sheet  to  each  other.  The  cyl- 
inder is  covered  with  paper  smoked  with  an  oily  flame,  after 
which  the  stylus  is  so  adjusted  that  it  presses  lightly  on  the 
smoked  surface.  Wlien  the  cylinder  is  now  revolved,  the  stylus 
traces  a  spiral  line  on  the  paper,  and  when  at  the  same  time, 


Fig.  8. — Berliner's  Improved  Gramophone  Reproducing  a  Record. 

sound  enters  the  barrel,  the  diaphragm  will  vibrate,  and  the  spiral 
line  assumes  an  undulatory  form,  according  to  the  nature  and 
pitch  of  the  sound  emitted. 

Such  tracings  of  sound  are  called  ''  phonautograms,''  but  since 
I  have  found  that  those  published  as  having  been  made  by  the 
phonautograph  are  not  true  curves  of  the  sounds  they  were  sup- 
posed to  represent,  I  have  here  some  which  are  more  correct,  and 
drawn  from  gramophone  records,  representing  some  of  the  more 
prominent  vowels.  The  waves  are  complex  in  character,  and  be- 
tween 75  to  150  of  these  compound  waves  follow  each  other  per 
second  in  the  pitch  of  the  ordinarv  human   voice:  all  of  which 
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is  well    known,   and  described  in   the   chapters    on  sound  of 
physical  science. 

In  the  spring  of  1877,  and  following  in  the  wake  of  the  inven- 
tion of  the  speaking  telephone,  it  occurred  to  Charles  Cros,  of 
Paris,  that  if  such  sound-tracings  could  be  engraved,  for  instance, 
by  the  photo-engraving  method,  and  the  stylus  be  then  permitted 
to  travel  again  in  the  groove  or  track  of  these  engraved  record 
lines,  by  revolving  the  cylinder  past  the  stylus,  the  original  sound 
would  be  reproduced.     This  was  about  six  months  before  the  in- 


Fig.  4. — Berliner  Gramophone  Apparatus  for  Making  Records. 

ventionof  the  phonograph,  but  the  technical  difficulties  which 
appear  in  the  attempt  to  bring  about  the  desired  result,  must 
have  seemed  too  great  to  Cros;  or  he  must  have  become 
discouraged  when,  later  on,  seeing  the  apparently  simpler 
method  of  the  phonograph.  At  any  rate,  it  appears  that 
he  never  accomplished  what  he  had  conceived  with  such 
acute  logic,  and  his  paper  on  the  subject  (which  can  be  found  in 
the  Oomptes  Rendua)  was  barely  noticed,  and  quickly  forgotten. 
It  was  not  until  after  the  granting  of  the  patent  for  the  gram- 
ophone, that  I  happened  to  see  a  reference  to  it,  and  searching 
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the  Gomptes  Itendus^  found  the  article  mentioned,  which  I  then 
translated  and  embodied  verbatim  in  my  paper  before  the  Frank- 
lin Institute.  While,  however,  Cros  had  a  coiTCCt  conception 
of  the  general  principle  of  a  talking  machine,  it  would  have  re- 
quired considerable  modification  of  the  rules  taught  by  physical 
science  which  were  then  at  his  command  to  obtain  practical  re- 
sults ;  but  I  will  illustrate  what  he  meant,  with  this  model  built 
on  the  principle  of  the  gramophone. 

ECere  is  a  drum-head  of  oil-cloth,  and  across  it  and  pivoted  at 
the  top,  is  an  arm  or  stylus,  which  is  connected  to  the  centre  of 
the  drum,  and  therefore,  moves  with  the  latter.  The  free  end  of 
the  arm  extends  beyond  the  periphery  of  the  drum  and  carries  a 
brush  dipped  in  ink. 

If  I  now  pass  a  strip  of  paper  underneath  the  brush  and  at  the 
same  time  move  the  drum  regularly  to.  and  fro,  an  undulatory 
line  of  regular  character  will  be  drawn  on  the  paper.  If  I  repeat 
the  experiment,  but  more  irregularly,  or  jerky,  the  motions  of 
the  drum  appear  marked  down  .as  a  jerky  irregular  line. 

I  now  replace  the  brush  by  a  hard  stick  and  permit  it  to  travel 
in  an  undulatory  groove  engraved  in  a  strip  of  wood,  which  strip 
I  draw  underneath  the  stick,  and  you  will  see  by  the  reflection 
of  light  on  the  oil-cloth  drum-head,  that  it  is  moved  to  and  fro 
by  the  engraved  wave-line,  and  if  these  motions  should  occur 
rapidly  enough,  a  sound  would  be  emitted  by  the  drum. 

This  illustrates  the  general  principle  of  tlie  gramophone.  It 
is,  however,  in  the  method  of  engraving  the  sound  records  that 
the  gramophone  departs  materially  from  previous  methods,  and 
this  I  will  now  show  you.  Here  is  a  disc  of  ordinary  zinc,  such 
as  you  can  buy  in  every  tinshop  ;  it  has  been  polished,  carefully 
cleaned,  and  has  then  been  coated  with  our  fatty  film.  I  now 
place  the  zinc  on  the  turn-table  of  the  gramophone  recorder. 
The  turn-table  is  revolved  by  a  friction- wheel  underneath,  and 
connects  through  gearing  with  a  screw,  which  propels  a  carriage 
across  the  turn-table,  at  a  slow  rate  of  progression.  On  this 
carriage  is  mounted  the  recorder  proper,  namely,  a  mica  dia- 
phragm, across  which  lies  a  spring,  fastened  above,  and  carrying 
at  the  lower  free  end  a  slender  metallic  blade,  bent  downwards 
slightly,  and  tipped  with  iridium,  like  a  gold  pen.  This  blade  I 
now  bring  down  upon  the  fatty  film  until  it  is  straightened. 

Mounted  near  the  turn-table  is  a  bottle  containing  alcohol, 
from  which  a  spout  extends  to  the  centre  of  the  turn-table,  drop- 
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ping  the  fluid  upon  the  fatty  fihn  oj\  which  I  first  pour  some  of 
it,  so  as  to  soak  it. 

If  I  now  revolve  the  turn-table,  the  blade  or  pen  marks  a 
plain  line  into  the  fatty  film,  and  as  the  iridium  tip  is  kept  free 
from  the  dust  fibres  which  are  continually  floating  about  in  the 
air,  and  upon  the  film  also,  by  the  presence  of  the  alcohol,  the 
line  in  proper  light  appears  as  a  fine  silvery  streak  in  the  dull 
fatty  surface,  showing  that  the  metal  is  being  laid  bare  by  the 
iridium  tip. 

If,  now,  sound  enters  the  tube  leading  to  the  diaphragm,  the 
latter  will  vibrate  and  the  line  will  assume  the  undulatory  form 
of  sound-waves,  as  before  explained. 

The  gearing  of  the  machine  is  at  present  set  so  that  72  lines 
are  drawn  to  the  inch ;  but  for  the  ordinary  conversational  tone, 
the  lines  might  be  twice  as  close  together,  without  the  waves 
touching.  The  turn-table  revolves  at  the  rate  of  about  60  times 
a  minute  for  this  size  of  disc,  and  if  they  are  smaller,  the  velo- 
city must  be  increased,  so  as  not  to  crowd  the  waves  too  closely 
upon  one  another. 

The  talking  being  done,  I  lift  the  disc  from  the  machine  and 
dip  it  in  water,  which  washes  off  the  alcohol,  and  there  is  now 
visible  a  band  of  silvery  lines  in  the  fatty  film.  I  may  now 
write  the  date  in  the  central  portion  of  the  disc,  and  press  the 
patent  stamp  on  it,  or  add  any  other  remark  or  signature,  all  of 
which  will  be  subsequently  etched  in,  and  I  may  now  plunge  the 
disc  into  the  bath  of  chromic  acid.  Immediately,  the  acid 
attacks  the  zinc  in  the  lines,  and  a  dark  cloud  forms  over  the 
record,  due  to  the  formation  of  a  subchromate  of  zinc. 

While  the  disc  is  being  etched,  let  me  now  turn  to  the  repro- 
ducing machine.  The  principal  part  is  again  a  turn-table  moved 
by  a  friction  wheel  underneath.  Above  it  is  an  arm  pivoted 
with  one  end  upon  a  standard  having  a  double  or  universal 
motion,  and  the  other  end  carrying  the  reproducer  proper,  namely, 
a  diaphragm  of  mica,  vulcanite  fibre,  rubber  or  ivory,  across  which 
is  fixed  at  its  upper  end,  a  stiff  spring  connected  by  a  post  to  the 
centre  of  the  diaphragm,  its  free  end  extending  beyond  the 
periphery,  and  carrying  a  small  steel  needle  which  may  easily  be 
taken  out  and  replaced  when  necessary.  The  pivoted  arm  is  the 
invention  of  Mr.  Werner  Suesa,  of  Washington. 

One  of  the  mechanical  curiosities  of  the  gramophone  is  the 
fact  that  the  etched  record  itself  is  the  screw  which   propels  the 
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diaphragm  from  periphery  to  centre,  for  the  stylus  resting  in 
the  groove  by  gravity  or  slight  pressure,  not  only  is  vibrated, 
but  following  it  and  being  able  to  move  freely,  is  led  along  to  the 
centre  and  to  the  end  of  the  etched  record  automatically.  This 
places  the  gramophone  reproducer  in  the  realm  of  extreme  sim- 
plicity, and  beyond  the  necessity  of  repair  under  ordinary  every 
day  conditions. 

Before  proceeding  further,  I  will  now  let  the  gramophone 
show  you  some  of  the  results  of  what  it  is  capable  of  doing  at  the 
present  time.  I  should  like  to  remark,  that  in  the  present  form 
of  the  resonator,  the  sharpness  of  the  effects  is  somewhat  toned 
down.  That  this  is  due  to  the  resonator  will  become  more  ap- 
parent to  you  when,  later  in  the  evening,  you  will  listen  to  some 
of  the  discs  through  the  rubber  ear-tubes.  It  has  been  proposed 
to  ufle  a  resonator  in  the  form  of  a  large  parabolic  reflector,  so  as 
to  enlarge  the  effects  without  modifying  the  timbre.  But  the 
effects,  although  loud,  show  the  natural  qualities  of  the  various 
sounds,  and  are,  in  spite  of  their  loudness,  neither  rasping  nor 
ventriloquistic  in  quality. 

The  possibilities  of  extending  the  gramophonic  principle,  are 
perhaps  more  noteworthy  than  its  present  development.  The  discs 
can  be  easily  duplicated,  and  at  the  first  exhibition  in  Philadel- 
phia, I  showed  an  electrotype  copy  of  a  12-inch  disc  which  sounded 
precisely  like  the  original.  Since  then,  I  have  also  succeeded  in 
making  talking  copies  by  pressing  a  matrix  into  molten  glass,  but 
the  matrix  being  of  copper,  the  glass  used  to  stick  to  the  form, 
and  warped  the  glass  copy.  I  am  assured,  however,  that  when- 
ever I  shall  furnish  a  steel  matrix,  the  perfect  copying  in  glass 
will  be  entirely  feasible.  That  such  steel  matrices  can  be  made 
is  not  doubted  by  those  familiar  with  the  art  of  transferring  lines, 
and  then  etching  the  same. 

We  may  then  have  dinner-sets,  the  dessert-plates  of  which  have 
gramophone  records  pressed  in  them,  and  which  will  furnish  the 
after-dinner  entertainment  when  the  repast  is  over.  Gramophone 
plaques  with  the  voices  of  eminent  people  will  adorn  our  parlors 
and  libraries. 

Very  successful  copies  have  been  made  in  celluloid  from  elec- 
trotype matrices,  and  such  celluloid  copies  are  particularly  free 
from  all  f rictional  noise,  provided  the  celluloid  is  pressed  hard, 
and  of  well-seasoned  material.    Gramophone  r€j5;^^r^|^yl^aj^  Jg^g 
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printed,  and  such  prints  have  been  photo-engraved,  and  the  copy 
thus  obtained  sounded  precisely  like  the  original. 

Successful  copies  have  been  made  by  letting  one  disc  sing  or 
talk  to  another  one  by  coupling  the  recorder  to  the  reproducer 
by  a  tube,  and  turning  both  simultaneously.  In  fact,  this  whole 
matter  of  duplicating  discs  is  a  department  in  itself,  and  would  re- 
quire a  separate  evening  to  do  it  full  justice. 

The  work  of  gradually  bringing  the  gramophone  up  to  the 
present  state  has  been  exceedingly  tedious.  Working  out  tele- 
phones or  transmitters  is  child's  play  in  the  face  of  the  traps  and 
Jack-o'-lanterns  which  beset  the  experiments  with  talking  ma- 
chines. The  size,  form  and  material  of  the  mouth-piece,  the  den- 
sity, length  and  diameter  of  the  speaking  tube,  the  size,  thick- 
ness and  material  of  the  diaphragms,  the  tension,  temper  and 
thickness  of  the  springs,  shape  of  the  needle  points,  temperature 
of  the  room  in  which  the  discs  are  coated,  the  quality  of  the 
beeswax,  the  strength  of  the  acid,  and  the  method  of  manip- 
ulating the  sounds  of  voicesand  of  various  instruments— all  these 
gave  rise  to  errors  and  pitfalls,  which  only  continuous  repetitions 
of  whole  series  of  tests  could  locate,  avoid,  or  obliterate. 

I  have  to  dwell  on  these  facts,  in  order  to  ask  your  indulgence 
in  not  having  been  able  for  this  evening  to  cover  the  important 
field  of  copying  records — ^but  I  have  also  been  disappointed  in 
not  receiving  a  number  of  celluloid  discs,  such  as  are  now  being 
made  in  Germany. 

The  important  subject  of  good  articulation  has  ever  been  kept 
in  the  foreground,  and  this  is  now  in  so  satisfactory  a  shape  that 
I  am  carrying  on  a  vocal  correspondence  with  my  friends  in 
Europe,  by  means  of  small  gramophone  discs,  which  can  be 
mailed  in  a  good-sized  letter  envelope. 

F'oremost  among  the  feats  which  the  gramophone  can  perform 
is  the  absolute  certainty  with  which  it  enables  people  to  recog- 
nize the  speaker's  voice,  and  I  could  cite  a  number  of  instances 
where  persons  have  been  made  happy  by  hearing  and  recog- 
nizing the  voices  of  loved  ones  whom  they  had  not  seen  in  years, 
and  the  owners  of  which  were  thousands  of  miles  away. 

This  whole  art  is  now  manipulated  with  great  certainty,  and 
can  be  learned  much  easier  than  the  art  of  photography.  Yet, 
favorably  as  I  believe  the  gramophone  compares  with  other  talk- 
ing machines,  it  has  barely  entered  upon  the  possibilities  which 
lie  dormant  within  its  principles,  only  awaiting  the  touch  of  in- 
vestigation to  yield  new  and  important  scientific  data.  ^^^^^ 
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Its  advantages  at  the  present  time  can  be  summed  np  as  fol- 
lows: 

1.  The  records  are  durable,  and  require  a  minimum  of  space 
for  storing. 

2.  Eecognition  is  perfect. 

3.  The  mechanism  of  the  reproducing  machine  is  a  model  of 
simplicity. 

4.  The  records  can  be  printed,  and  from  such  prints  copies 
can  be  made  which  will  sound  like  the  original. 

6. .  The  quality  of  the  sounds  does  not  become  impaired  with 
increasing  loudness. 

6.  The  making  of  copies  is  possible  by  several  well-known 
methods  in  existing  arts. 

Lastly,  I  ought  to  again  refer  to  the  possibilities  of  enlarging 
the  record  lines  by  the  photo-engraving  process,  and  thereby 
rendering  the  sounds  with  increased  loudness. 

Whatever  the  art  of  gramophony  represents  at  the  present 
time,  does  not  consist  of  accidental  results,  but  the  principles 
and  the  errors  to  be  avoided  are  well-known  and  established,  and 
not  a  month  passes  but  that  new  light  is  thrown  on  hitherto  ob- 
scure sections  of  manipulation,  and  after  three  years  of  work,  in 
which  numberless  sources  of  error  have  been  eliminated,  the  art 
of  etching  records  has  lost  none  of  its  attraction,  rather  fascin- 
ating the  mind  by  presenting  the  possibility  of  unlimited  appli- 
cations in  the  service,  and  for  the  pleasure  of  mankind. 


Mb.  Fbancis  Forbes  :— Perhaps  a  vote  of  thanks  would  first 
be  in  order,  but  I  wish  to  offer  this  motion  and  I  wish  that  some- 
body who  is  better  able  than  myself  to  do  so  will  offer  the  other. 
I  move  that  this  resolution  be  referred  to  a  committee  of  three 
to  report  at  the  next  meeting : 

Whereas. — Under  the  patent  laws  as  now  existing,  the  United  States  patent 
of  a  citizen,  is  in  danger  of  being  limited  if  he  try  to  obtain  protection  and 
compensation  abroad,  and 

Whereas, — Said  laiwsare  unjust  to  the  citizen  of  the  United  States  and  offer 
greater  advantages  to  foreigners  not  domiciled  in  the  United  States. 

Resolved. — That  it  is  the  sense  of  this  Institute  that  the  patent  laws  be  so 
amended  as  to  encourage  the  inventor  who  is  a  citizen  to  obtain  patents  abroad 
and  further, 

Resoli>ed.'-Th2X  the  patent  laws  should  be  so  amended  as  to  render  the 
rights  of  the  citizen  of  this  country  in  a  foreign  country  and  of  the  citizen  of 
such  foreign  country  in  this  country  reciprocal. 

[The  motion  was  carried,  that  the  resolutions  be  referred  toja 
Committee  of  three.]  ^'^'^'^^^  ^^  ^^v^glL 


30  RE80L  UTI0N8  ON  PA  TENT  LA  W.  [Dec.  16. 

The  President: — The  Chair  would  appoint  as  a  Committee 
for  considering  this  resolution,  Francis  Forbes,  6.  H.  Stockbridge 
and  II.  C.  Townsend. 

The  Secretary  : — I  move  a  vote  of  thanks  to  Mr.  Berliner  of 
Washington  who  has  so  thoroughly  explained  and  demonstrated 
the  practical  workings  of  his  ingenious  invention,  and  also-  to 
Messrs.  Geo.  H.  Guy,  and  Charles  McL.  Paine  who  have  volun- 
teered their  services,  providing  the  musical  features  of  the  enter- 
tainment, and  to  Mr.  Kennelly  for  his  valuable  paper  upon  a  most 
important  subject,  which  will  add  greatly  to  a  thorough  under- 
standing of  the  question  now  pending  before  the  Institute  as  to 
the  proper  value  of  the  henry. 

Mjt.  T.  D.  Lookwood: — I  second  that  motion  most  heartily, 
and  I  believe  we  ought  to  present  our  vote  of  thanks  to  everyone 
who  offers  his  services  in  tnat  capacity  here. 
[The  motion  was  carried.] 

Adjourned. 
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Tkt S3d  meeting  of  the  American  Institute  of  Electrical 
Engineers^  New  York,  January  20th^  iSqi^  President 
W.  A.  Anthony  in  the  Chair. 


INDUCTANCE  AND  ITS  PROPOSED  UNIT  THE 
''  HENRY." 

DISCUSSION  OF  MK.  A.  K.  KENNELLY's  PAPER  ON  THE  ABOVE  SUBJ'BOT, 

READ  AT  THE  52d  MEETING,  AND  ALSO  OF  THE  COMMITTEE'S 

REPORT  ON  THE  PROPER  VALUE* OF  THE  "  HENRY." 


The  President: — [Prof.  W.  A.  Anthonv.]  As  we  are  to 
have  the  discussion  this  evening  on  the  report  of  the  Committee 
on  the  value  of  the  proposed  unit,  1  will  call  first  for  the  reading 
of  that  report,  and  then  we  will  take  up  the  discussion  of  Mr. 
Kennelly's  paper,  and  let  the  remarks  embrace  the  report  at  the 
same  time,  as  they  will  necessarily  cover  much  the  same  ground. 

The  following  report  of  the  Committee  was  then  read  by  Mr. 
Francis  B.  CrocKcr,  Chairman ; 

Report  OF  THE  Committkk  on  the   Value    of   the  "Henry*" 


At  a  meeting  of  the  American  Institute  of  Electrical  Engi- 
neers, held  September  16th,  1890,  a  committee  consisting  of  Dr. 
Wm.  E.  Geyer,  Dr.  Louis  Bell,  George  M.  Phelps,  Edward  A. 
Colby,  and  Francis  B.  Crocker,  Chairman,  was  appointed  to  con- 
sider and  report  upon  the  best  value  for  the  *'  Henry" — the  pro- 
po83d  practi  'al  unit  of  self-induction  or  inductance. 

After  careful  consideration,  the  Committee  has  reached  a  con- 
clusion and  now  recommends  to  the  Institute  the  retention  of 
the  present  value  of  the  practical  unit  which  is  10*  absolute 
units  of  inductance,  usually  expressed  as  a  length  equal  to  one 
earth's  quadrant  or  1,000,000,000  centimetres. 

The  Committee  finds  that  this  value  is  too  high  in  some  cases 
for  convenience,  as  many  practical  measurements  of  inductance 
would  hiive  to  be  expressed  in  fractions  of  a  henry.  At  the 
same  time  other  practical  values  would  often  amount  tcua^o^a^ 
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ber  of  henrjs,  and  sometimes  to  hundreds,  or  even  thousands  of 
henrys.  It  is  of  course  impossible  to  have  a  unit  fit  all  cases^ 
and  in  this  instance  it  happens  that  the  average  practical  induct- 
ance would  approximate  one  henry  in  value.  This  may  be  con- 
sidered fortunate.  Small  values  may.  be  conveniently  expressed 
in  milli-henrys,  analogous  to  milli-amperes,  etc. 

The  Committee  is  of  the  opinion  that  even  if  the  value  of 
this  unit  (10*  absolute  units)  had  been  much  less  convenient  than 
it  is,  nevertheless  it  would  probably  be  very  unwise  to  change  it^ 
for  the  reason  that  it  is  derived  from,  and  related  to,  the  other  prac- 
tical units  in  the  ratio  of  one  to  one,  just  as  one  ampere  is  equal 
to  one  volt  divided  by  one  ohm.  To  depart  from  tliis  plan  which 
has  always  been  followed  heretofore,  would  tend  to  destroy  the 
harmony  of  the  entire  system  of  practical  electrical  units.  The 
same  fact  made  it  necessary  to  define  the  farad  as  a  capacity  of 
one  coulomb  at  one  volt,  although  this  makes  its  value  so  enor- 
mous that  the  micro-farad  is  always  used  in  practical  work.  It 
appears,  therefore,  to  the  Committee  that  the  value  of  the 
"  henry"  should  certainly  be  fixed  at  10'  absolute  units  of  in- 
ductance. 

Respectfully  submitted, 

Francis  B.  Crockeb,  Chairman. 

Mr.  Crocker  continued  as  follows :  "  I  would  like  at  the  same 
time  to  mention  one  or  two  other  points,  the  spelling  of  the 
plural  of  the  name  for  instance.  An  awkward  question  has 
arisen,  and  I  have  taken  expert  opinion  upon  it.  There  is  no 
doubt  but  that  if  it  were  a  common  noun,  it  would  be  spelled 
"  henries  "  in  the  plural,  but  being  derived  from  a  proper  noun, 
there  is  authority  for  spelling  it  "  nenrys,"  because  the  plural  of 
proper  names  is  sometimes  given  that  way.  Henrys,  Marys,  etc., 
are  given  by  authority  as  proper  plurals.  1  notice  that  it  is 
spelled  differently  by  different  persons.  Then  the  best  definition 
of  the  henry  in  terms  of  other  units  comes  up,  but  that  is  really 
to  be  settled  by  scientific  usage.  It  can  be  defined  in  terms  of 
second  and  ohm,  or  in  terms  of  counter  electromotive  force  and 
rate  of  change  of  current.  But  it  is  hardly  necessary  to  settle 
upon  any  particular  method,  because  each  one  will  choose  which- 
ever seems  best,  but  in  regard  to  the  plural,  I  think  uniformity 
in  spelling  is  necessary." 

The  President  : — The  discussion  of  Mr.  Kennelly's  paper  on 
inductance,  and  its  proposed  unit  will  now  be  in  order,  and  it  is 
understood  that  this  discussion  will  also  include  that  of  the  report 
of  the  Committee.     The  discussion  will  be  opened  by  Dr.  Gary 

T.  Hutchinson.  C^ r\r\n\o 
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Discussion.^ 
Dr.  Gary  T.  Hutchinson  : — Mr.  President  and  gentlemen. 
The  few  remarks  I  have  to  make  will  be  rather  upoil  the  subject 
of  the  Committee's  report  than  of  Mr.  Kennelly  s  paper.  I  do 
not  think  there  can  be  any  doubt  whatsoever  as  to  the  approxi- 
mate value  of  this  unit.  It  seems  to  me  it  ought  certainly  to  be 
10*  (10  to  the  9th)  absolute  units,  but  whether  it  should  be  ex- 
actly that,  or  only  approximate  to  it,  is  another  question — a  point 
which  Mr.  Crocker  iias  just  touched  upon  in  his  notes,  and  which 
was  not  mentioned  in  the  report  itself.  The  whole  thing  hinges 
on  what  meaning  the  Committee  intended  the  word  "practical" 
to  have.  If  by  the  practical  unit  is  meant  the  unit  correspond- 
ing to  the  ohm,  and  which  is  an  even  multiple  of  the  C.  G.  S. 
unit,  then  it  would  have  one  value.  If,  however,  by  the  "  prac- 
tical unit "  you  mean  that  value  which  will  fit  the  ordinary  equar  . 
tion  of  induction,  of  which  Ohm's  law  is  only  a  special  case,  the 
unit  would  have  another  value.  In  other  words,  the  unit  of 
current  in  the  electro-magnetic  system  is  defined  absolutely  ;  the 
legal  ohm  or  whatever  unit  of  resistance  is  chosen,  is  arbitrarily 
defined,  and  its  relation  to  the  ohm  is  determined  experimentally. 
The  unit  of  electromotive  force  is  deduced  from  Ohm's  law. 
Now  the  unit  of  induction  might  be  defined  as  10  to  the  9th  C. 
G.  S,  units  or  it  might  be  defined  as  that  value  which  will  make 

d  C 
the  equation  r  G-^-  L  ^  =^,  true :  the  two  values  will  not  coin- 
cide at  all,  for  the  simple  reason  that  the  ordinary  unit  of  resis- 
tance is  not  the  ohm.  It  is  not  what  is  called  the  "true  ohm," 
although  I  think  "  true  ohm  "  is  a  misnomer — the  ohm  is  the 
ohm.  It  seems  to  me  therefore,  that  this  question  should  be 
gone  into.  The  whole  thing  was  discussed  at  considerable  length 
a  year  or  so  ago  in  a  series  of  letters  which  appeared  in  one  of 
the  English  papers.  The  Paris  Conference  in  1889  recommended 
10'  centimetres,  and  named  it  "  Quadrant."  The  British  Associa- 
tion adopted  both  the  value  and  the  name.  Professors  Ayrton 
and  Perry  very  vigorously  maintained  that  the  unit  to  be  used 
by  practical  men  must  have  the  value  which  makes  that  equation 
of  induction  true,  which  would  be  approximately  .9977  X  10^. 
The  matter  does  not  seem  to  have  had  discussion,  at  least  so  far 
as  I  know,  and  no  mention  whatever  is  made  as  to  the  definition 
of  the  unit.  I  think  the  definition  in  terms  of  the  centimetre  is 
unfortunate,  for  the  reason  that  its  dimensions  being  a  length  is 
purely  artificial,  and  is  so  only  on  account  of  the  "  suppressed 
•  dimension."  The  definition  should  be  in  terms  of  the  phenome- 
non ;  that  is  the  counter- electromotive  force,  expressed  in  terms 
to  suit  the  C.  G.  S.  "  practical "  or  "  legal,"  as  may  be  decided. 
No  one  can  measure  the  actual  inductance  of  the  coil  from  its 
dimensions  except  in  very  special  cases,  and  if  measured  in  air 

1.    By   Messrs.   HutchinsoD,  Wolcott,   Reid,   Crocker,  Kennelly,  Mailloux 
Steinmetz,  Wheeler,  Aothony  and  R.  W.  Pope.  uigtzedby  vj^^v^vlC 
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the  result  would  be  wrong  with  an  iron  core.  All  Mr.  Kennelly's 
measurements  were  made  experimentally ;  they  were  not  calcu- 
ted  from  the  dimensions  of  the  coil.  Nor  do  I  altogether  agree 
with  the  sense  of  the  Committee  on  the  question  of  the  name. 
■Of  course  this  entire  series  of  units  has  been  named  for  distin- 
guished men  of  science,  but  fortunately  they  all  had  names  which 
were  uncommon  even  in  their  own  countries.  Ampere  was  not 
Jacques,  neither  was  Ohm,  Heinrich,  and  the  fact  that  "  Henry  " 
is  such  a  common  name  seems  to  me  a  serious  objection  to  it 
from  this  point  of  view.  Undoubtedly  Professor  Henry  ought 
to  be  honored,  and  honored  very  greatlj^,  although  I  do  not  know 
that  it  is  strictly  true  that  he  was  the  discoverer  even  of  the  bare 
fact  of  self-inductance.  It  seems  to  me  that  it  has  been  shown 
recently  that  that  is  not  qiiite  true  by  Mr.  Lockwood  who  brought 
forward  a  reference  at  me  Boston  meeting  of  this  Institute,  in 
which  he  said  that  in  1803  Vassali-Eandi  discovered  the  increase 
of  the  spark  on  breaking  circuit  with  increased  length  of  wire^ 

Henry  in  1832,  discovered  the  same  fact,  developed  it  some- 
what, and  gave  an  explanation  ;  but  he  dropped  the  subject 
there,  and  did  nothing  more  with  it  at  all  until  about  1 838,  some 
years  after  Faraday  had  taken  up  the  subject  and  run  it  practi- 
cally into  the  ground.  Then  Henry  took  it  up  Hgain,  developed 
it  considerably,  chiefly  by  showing  the  existence  of  currents  of  a 
higher  order.  In  those  subsequent  papers  he  refers  constantlv 
to  Faraday's  work,  showing  that  he  acknowledged  the  indebted- 
ness. He  undoubtedly  developed  the  actual  discovery  of  the  fact 
of  the  increase  of  sparK  on  increasing  the  length  of  wire  much 
further  than  Eandi. 

However  my  most  serious  objection  to  the  whole  matter  is  lack 
of  jurisdiction.  It  seems  to  me  that  the  Institute  is  assuming  a 
great  deal  to  take  upon  itself  the  settling  of  such  a  matter.  I  do 
not  think  that  this  is  in  any  sense  a  scientiiic  organization,  strict- 
ly speaking,  and  I  believe  that  much  the  better  way  would  have 
been  to  act  in  concert  w^ith  the  various  other  bodies  which  are 
just  as  much  interested  as  we  are  in  the  subject  -  in  fact  a  great 
deal  more  interested,  ours  being  only  a  teclmical  interest  in  a 
strictly  scientific  subject.  A  committee  has  recently  been 
appointed  in  England,  made  up  of  representatives  of  a  large 
number  of  institutions;  the  Royal  Society,  the  Institution  of 
Electrical  Engineers,  the  British  Association  for  the  Advance- 
ment of  Science,  and  two  or  three  others ;  to  consider  the  same 
subject.  In  this  country  there  are  bodies  occupying  somewhat 
the  same  relative  rank  as  those  do  in  England ;  for  instance,  the 
National  Academy  of  Sciences,  the  Ameri(  an  Philosophical  So- 
ciety, the  Smithsonian  Institution,  and  others.  Before  settling 
as  far  as  we  can,  a  matter  that  interests  a  large  number  of  people 
besides  ourselves,  and  which  must  meet  with  international  con- 
sent to  be  of  any  value,  would  it  not  have  been  better,  more 

1.    Transactions,  vol.  vii.  p.  229.  ^'9'^'^^^  ^v  vji^i^gi^ 
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courteous,  and  a  method  which  would  have  carried  more  weight, 
to  invite  delegates  from  these  bodies  to  meet  us  and  act  with  us  ? 
Such  a  committee  on  "  Electrical  Units  and  Nomenclature  "  could 
represent  the  United  States  with  dignity,  in  an  International 
Conference.  Indeed  it  is  not  too  late  now  to  have  a  committee 
of  this  kind  made  up  by  invitation.  It  happens  that  at  the  pres- 
ent moment  a  comniittee  has  been  appointed  in  England  com- 
prising Lord  Rayleigh,  Sir  William  Thomson,  Carey-Foster, 
Glazebrook,  John  Hopkinson,  W.  H.  Preece,  and  three  or  four 
others,  which  is  to  consider  this  very  subject.  Nothing  better 
could  be  done  than  to  appoint  a  body  which  would  represent  the 
United  States,  and  not  the  American  Institute  of  Electrical 
Engineers  alone,  and  have  the  matter  properly  considered. 

Mr.  Townsend  Woloott  : — Some  of  the  points  I  have  written 
here  are  so  similar  to  those  of  Dr.  Hutchinson,  that  I  must  ask  to 
be  excused  for  any  apparent  repetition.  In  his  paper  on  Induct- 
ance and  its  Proposed  Unit,  the  Henry,  Mr.  Kennelly  remarks  : 
"  It  may  be  well  to  notice  that  inductance  is  only  conventionally 
aiid  perhaps  not  essentially  a  length."  He  than  quotes  some  re- 
markable statements  of  Prof.  Riicker  on  this  point ;  remarkable 
in  showing  the  amount  of  misapprehension  wnich  exists  among 
scientific  men  regarding  so  simple  a  subject  as  the  theory  of  the 
dimensions  of  physical  units. 

Inductance  is  not  a  length ;  there  is  no  room  for  a  "perhaps  " 
regarding  that  question.  To  be  sure  the  ttnit  of  inductance  nas 
the  dimensions  of  the  unit  of  length  in  the  electro-magnetic 
system  of  units,  but  then  in  the  electro-static  system  it  has  the 
dimensions  [Z""^  T'^].  Is  there  any  more  intimate  association 
between  the  electro-magnetic  system  of  units  and  the  actual 
physical  quantities  which  they  represent,  than  between  the 
electro-static  system  and  the  same  physical  quantities?  If  not, 
it  behooves  some  learned  professor  to  cudgel  his  brain  over 
the  question  whether  inductance  is  really  the  reciprocal  of  an 
acceleration,  or  whether  it  is  more  likely  the  reciprocal  of  a 
velocity  "a  quantity  of  the  nature  of  a  slowness,"  (as  one  of  said 
learned  gentlemen  once  remarked,)  "  multiplied  by  a  time." 

A  slowness  multiplied  by  a  time  must  be  very  slow — too  slow 
I  fear  for  this  audience,  so  I  will  say  no  more  about  it. 

It  is  a  fundamental  and  oft-repeated  principle  of  logic  which 
is  still  oftener  disregarded,  that  because  all  A's  are  B^s,  it  does 
not  by  any  means  follow  that  all  B's  are  A's.  Because  all  horses 
are  animals,  it  does  not  follow  that  all  animals  are  horses.  Be- 
cause all  lengths  have  a  unit  denoted  by  (L)  it  does  not  by  any 
means  follow  that  all  quantities  whose  unit  has  the  dimensions  of 
(L)  are  lengths.  There  is  another  logical  principle  which  has 
been  overlooked  in  this  matter,  namely :  W  hen  any  system  of 
notation  of  measurement  or  other  analogous  artifice  is  adopted, 
there  are  adopted  along  with  it  a  greater  or  less  number  of  arti- 
ficial properties  or  relations,  as  distinguished  ^ojii^|h^jj^|TmH^ 


36  THE  VALUE  OF  THE  HENRT,  [Jan.  20, 

properties  or  relations  subsisting  between  the  objects  themselves 
which  the  given  artifice  represents  or  to  which  it  applies.  For 
example ;  numbers  have  natural,  inherent,  or  intrinsic  properties, 
thus:  numbers  are  prime  or  composite,  all  square  numbers  are 
divisible  by  four,  or  else  the  next  less  number  is  divisible  by  four, 
and  so  on  indefinitely.  These  properties  are  of  course  entirely  in- 
dependent of  any  system  of  notation,  but  there  are  other 
properties  of  numbers",  which  are  of  an  extrinsic,  artificial,  (or  if 
you  prefer  the  expression)  casual  or  contingent  character ;  con- 
tingent on  the  particular  system  of  notation  employed.  Thus  if 
the  digits  of  any  number  add  up  to  nine  or  a  multiple  of  nine,  the 
number  itself  is  divisible  by  nine.  This  is  a  contingent  property 
in  the  decimal  system  of  notation,  of  nine  the  highest  digit,  and 
three  a  factor  of  nine.  In  any  other  system  of  notation  con- 
structed on  the  plan  of  the  decimal  system,  this  property  would 
still  belong  to  the  highest  digit  whatever  it  might  be,  and  to  its 
factors  if  it  had  any.  In  the  decimal  system  any  number  ending 
in  zero  or  five  is  divisible  by  five,  and  any  number  ending  in  zero 
or  an  even  digit  is  divisible  by  two.  These  are  the  contingent 
properties  of  the  factors  of  the  periodic  numbers,  and  would 
belong  to  the  factors  of  the  periodic  number  if  such  there  were 
in  any  other  system  of  notation 

All  the  relations  which  may  be  established  between  the  dimen- 
sions of  units  are  of  this  contingent  or  artificial  character,  some 
depend  upon  the  particular  system  of  units  under  consideration, 
otners  may  be  the  same  in  two  systems,  but  still  contingent  on 
some  particular  supposition  which  is  the  same  in  both  systems. 
A  further  illustration  will  show  more  forcibly  how  utterly  ground- 
less is  the  claim  that  because  the  unit  of  inductance  nas  the 
dimensions  of  the  unit  of  length,  inductance  therefore  is  length. 
So  far  as  I  have  been  able  to  ascertain,  no  one  who  knows  the 
meaning  of  the  terms  has  ever  asserted  that  electric  current  and 
magnetic  potential  are  identical.  And  yet  there  is  more  reason 
for  this  statement  than  the  other  regarding  inductance,  as  the 
dimensions  of  electric  current  are  identical  with  those  of  magnetic 
potential,  not  only  in  one  system  of  units  but  in  both  the  electro- 
static and  electro-magnetic  systems.  In  the  electro-static  system 
the  dimensions  of  C  and  Q  are  [  L\  M^  T~'^]  and  in  the  electro- 
magnetic system  the  dimensions  of  C  and  U  [^lA  Mi  T''^\ 
We  know  that  every  point  in  the  neighborhood  of  an  electric 
-current  has  a  magnetic  potential,  but  that  is  all.  We  do 
not  say  that  the  electric  current  is  the  magnetic  potential, 
or  that  the  magnetic  potential  is  the  electric  current.  The 
reason  why  these  two  quantities  have  the  same  dimensions 
always,  is  simple.  According  to  the  theorem  of  Gauss,  the 
magnetic  potential  at  a  point  due  to  an  electric  current  is  numeri- 
cally equal  to  the  solid  angle  subtended  at  the  point  by  the  cur- 
rent, multiplied  by  the  strength  of  the  current.  Now  the  solid 
anii:le  is  evidently  independent  of  the  units  of  time  and  mass,  and 

^  •'  ^  Digitized  by  ^^J^^OVlv^ 


1891.]  DISCUSSION.  87 

a  very  little  consideration  will  show  that  it  is  also  independent  of 
the  unit  of  length.  The  dimensions  of  magnetic  potential  there- 
fore are  the  same  as  those  of  electric  current  regardless  of  the 
system  of  units,  for  in  the  electro- static  system  we  first  fix  upon 
the  dimensions  of  the  unit  quantity  of  electricity  from  which  • 
follow  the  dimensions  of  unit  electric  current  and  consequently 
of  magnetic  potential,  from  which  we  obtain  the  dimensions  of  the 
other  magnetic  units.  In  the  electro-magnetic  system  we  first  fix 
upon  the  dimensions  of  the  unit  quantity  of  magnetism,  (which 
happens  to  be  the  same  as  those  of  unit  of  electricity  in  the 
electro-static  system  owing  to  the  fact  that  electro-static  and 
magnetic  forces  follow  the  same  law)  and  then  derive  the  dimen- 
sions of  the  other  units  in  the  inverse  order.  I  have  gone  thus 
into  minutiae  because  it  seems  to  be  necessary  on  account  of  the 
prevalence  of  misunderstanding  on  these  points. 

One  of  the  aforementioned  learned  professors  even  gives  us 
instructions  for  juggling  with  the  units  so  as  to  form  a  mental 
picture  of  resistance  as  a  velocity.  If  it  really  were  a  velocity, 
we  could  measure  it  with  a  meter  scale  and  a  clock,  or  at  least 
with  some  of  the  known  methods  of  measuring  real  velocities. 
Moreover  it  should  be  remembered  that  unit  resistance  in  the 
electrostatic  system  has  the  dimensions  of  a  "slowness"  (as  it 
has  been  called.)  It  is  sad  to  think  that  an  unfortunate  resistance 
is  called  upon  to  be  a  velocity  and  a  slowness  at  the  same  time, 
just  because  two  different  men  wish  to  measure  it  with  two 
diflPerent  units.  If  resistance  were  really  a  velocity  in  one  system 
it  would  be  in  all.  The  physical  nature  of  a  quantity  can  not  be 
changed  by  changing  the  system  of  units,  but  only  the  numerical 
factor  which  indicates  the  number  of  times  the  unit  is  taken  to 
make  the  given  quantity. 

If  inductance  really  were  a  length,  not  only  ought  we  to  be 
able  to  measure  it  by  some  of  the  methods  of  measuring  length, 
but  it  would  be  absurd  to  encumber  our  nomenclature  with  a  new 
name  for  an  old  unit.  We  should  by  all  means  stick  to  quadrant, 
or  centimeter  as  the  case  might  be.  After  what  has  been  said,  it 
seems  almost  unnecessary  to  remark  that  no  discovery  in  science 
can  change  the  dimensions  of  magnetic  permeability,  or  of  any 
other  unit  in  either  of  the  present  systems  of  units.  We  might 
discover  a  better  system  of  units,  but  that  is  all.  For  instance, 
if  it  were  discovered  that  the  magnetic  effects  of  a  current  were 
not  exactly  proportional  to  the  current  in  air  or  vacua  we  would - 
not  say  that  Gauss's  and  allied  theorems  are  inaccurate,  but  that 
the  permeability  of  air  or  vacua  is  not  quite  constant,  and  would 
pick  out  some  standard  conditions  for  which  we  would  ass'ame 
the  permeability  unit,  and  express  the  permeability  under  other 
conditions  in  terms  of  this.  There  would  however  be  no  change 
in  the  dimensions  of  the  unit  of  permeability.  As  to  permeabil- 
ity, or  any  other  physical  Quantity  being  a  function  of  length, 
miss  and  time,  I  would  say  tnat  this  phrase  i«  apg^lyg^y^igying^ 
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block.  It  means,  or  ought  to  mean,  that  the  unit  of  the  quantity 
undef  consideration,  may  be  chosen  in  such  a  manner  as  to  de- 
pend upon  the  units  of  length,  mass  and  time.  That  is,  so  that 
if  the  magnitude  of  the  unit  of  length,  mass  or  time  be  altered  it 
will  alter  the  magnitude  of  the  unit  of  the  quantity  under  con- 
sideration. This  is  all:  it  does  not  mean  that  length,  mass  and 
time  are  elements,  as  it  were,  after  the  manner  of  chemical  ele- 
ments which  may  be  combined  in  various  manners  to  produce  all 
other  physical  quantities  which  are  compound  in  their  nature. 
And  yet  this  is  pretty  near  the  idea  which  many  persons  entertain 
if  we  may  judge  from  what  they  say.  If  Mr.  kennelly's  or  Prof. 
Riicker's  mind  is  disturbed  by  the  fact  that  magnetic  permeabil- 
ity, although  a  physical  property  of  matter,  has  no  dimensions  with 
respect  to  length,  mass  and  time,  I  would  call  their  attention  to  the 
fact  that  this  is  so  only  in  the  electro-magnetic  system,  while  in 
the  electro-static  system  the  dimensions  are  those  of  the  inverse 
square  of  a  velocity,  or  if  they  so  prefer,  the  square  of  a  slow- 
ness. On  the  other  hand  the  specific  inductive  capacity  of  a  di- 
eletric  has  no  dimensions  in  tne  electro-static  system,  and  the 
dimensions  of  the  inverse  square  of  a  velocity  in  the  electro- 
magnetic system.  There  is  nothing  more  fundamental  in  length, 
mass  and  time,  than  in  any  other  physical  quantities  whatever, 
and  there  is  no  other  re  ison  than  convenience  for  assuming  the 
units  of  these  quantities  as  fundamental  units.  Those  who  will 
read  Maxwell's  chapter  on  units  will  there  find  more  than  a  sug- 
gestion of  the  foregoing  statements.  Maxwell  there  shows  that 
m  the  astronomical  system,  the  dimensions  of  unit  mass  are 
[Z*  T""^].  Here  we  have  only  two  fundamental  units,  length  and 
time,  but  do  we  find  any  advocate  of  the  theory  that  mass  may 
be  generated  from  lengtn  and  time  or  that  it  is  a  ''  function  of 
length  and  time  ? "  I  think  not.  Every  one  now-a-days  seems 
to  believe  in  the  indestructibility  of  matter,  which  can  not  be 
true  if  mass  itself  can  be  resolved  into  length  and  time,  and  not 
merely  the  unit  of  mass  made  to  depend  upon  the  units  of  length 
and  time.  It  is  worthy  of  remark  that  in  the  first  twelve  of  the 
eighteen  electric  and  magnetic  units  of  which  Maxwell  gives  the 
dimensions,  the  exponent  of  Jf  is  uniformly  i,  and  in  the  remain- 
ing six,  (which  are  each  the  ratio  of  two  of  the  other  twelve)  the 
exponent  of  M  is  of  course  0.  That  is  M  disappears.  If  there- 
fore we  should  adopt  the  astronomical  unit  of  mass,  the  electro- 
static and  electro-magnetic  systems  of  units  would  still  remain 
distinct.  We  are  taught  with  our  elementary  arithmetic  that  two 
concrete  numbers  can  not  be  multiplied  together.  At  least  one 
of  the  factors  must  be  an  abstract  number,  and  in  this  case  the 
product  is  of  the  same  kind  as  the  concrete  factor.  Consequently 
when  we  say  that  the  area  of  a  rectangle  equals  the  product  of 
its  length  and  width,  we  mean  that  the  nwmber  of  linear  units  in 
the  length  multiplied  by  the  nuv\ber  of  linear  units  in  the  width 
equals  the  number  of  superficial  units  in  the  area.     But  even  this 
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is  a  contingent  property  of  the  rectangle;  contingent  on  the 
adoption  as  the  superficial  unit,  of  a  square,  the  length  of  whose 
side  is  equal  to  the  linear  unit.  It  seems  to  me  that  this  very 
well  known  principle  is  sometimes  overlooked  in  speaking  of 
electrical  units.  But  further  than  this,  when  we  say  that  a  length 
divided  by  a  time  is  a  velocity,  it  is  not  necessarily  true  even 
when  we  mean  it  in  this  strictly  numerical  sense.  A  length 
divided  by  a  time  does  not  even  numerically  represent  a  real 
velocity,  unless  the  numerator  of  the  ratio  represents  a  length 
which  is  actually  traversed  by  something  in  the  time  which  is 
represented  by  the  denominator.  The  concept  of  a  velocity  in- 
volves the  motion  over  distance  in  time,  even  if  the  motion  is 
only  that  of  a  mathematical  point.  In  order,  however,  that  a  velo- 
city should  have  any  physical  significance,  the  motion  must  be 
either  that  of  a  material  particle  or  some  physically  demonstrable 
action  such  as  a  light  wave.  If  we  divide  the  diameter  of  a  mill- 
stone by  the  time  it  takes  to  grind  a  bushel  of  wheat  the  quotient 
would  not  in  any  sense  be  a  velocity.  Nevertheless,  if  it  were  true 
that  the  rate  of  grinding  varied  exactly  inversely  as  the  diameter 
of  the  stone,  (which  of  course  it  would  not  do  m  practice)  then 
the  diameter  of  the  stone  divided  by  the  time  it  took  to  grind  a 
bushel  of  wheat  would  be  a  constant.  This  proposition  may  appear 
very  absurd,  but  even  Maxwell  himself  has  employed  a  method  of 
reasoning  analogous  to  this.  In  article  ()28  he  writes, '  'If  the  units 
of  length,  mass  and  time  are  the  same  in  the  two  systems,  the 
number  of  electro-static  units  of  electricity  contained  in  one  elec- 
tro-magnetic unit  is  numerically  equal  to  a  certain  velocity,  the 
absolute  value  of  which  does  not  depend  upon  the  magnitude  of 
the  fundamental  units  employed.  This  velocity  is  an  important 
physical  quantity,  which  we  shall  denote  by  the  symbol  y."  So 
far  all  is  undoubtedly  correct,  and  leads  by  inductive  reasoning  to 
the  inference  that  v  may  he  a  real  velocity.  When,  however, 
Maxwell  undertakes  to  show  in  article  7<>8  that  v  is  really  a  velo- 
city, he  simply  shows  that  the  distance  between  two  small  electri- 
fied bodies,  divided  by  the  time  it  takes  two  given  currents  to 
charge  them  is  a  constant,  if  the  distance  be  so  regulated  that  the 
repulsion  is  a  constant.  Were  it  not  for  the  place  in  which  this 
is  written,  I  should  think  that  Maxwell  intended  to  perpetrate  one 
of  those  deep  and  ponderous,  though  quaintly  humorous  jokes 
which  his  versatile  brain  sometimes  evolved.  But  being  where 
it  is,  I  have  rather  thought  that  I  have  misapprehended  his  mean- 
ing. However,  the  whole  thing  is  so  plain  that  I  do  not  see  how 
there  can  be  any  misapprehension.  We  have  already  seen  that 
electric  current  has  always  the  same  dimensions  as  magnetic  poten- 
tial. There  are  two  other  quantities  related  in  the  same  manner, 
namely :  quantity  of  magnetism  and  electro-kinetic  momentum 
of  a  circuit  m  and  ©have  the  dimensions  in  the  two  systems, 
[Zi  Mi]  and  [Zi  Jf i  jT"^].  We  may  therefore  substitute  m  for 
p  in  any  equation  without  altering  either  the  dimensions  or  the 
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numerical  value  of  the  other  quantities.  It  is  on  this  principle 
that  Sumpner  and  Fleming's  definition  of  inductance  is  founded. 
Maxwell  defines  inductance  as  the  ratio  between  the  electro- 
kinetic   momentum   of  a  circuit   and   the   current :   that   is,  ^. 

Sumpner  and  Fleming  say  the  ratio  between  the  total  induction 
{the  same  as  Maxwell's  quantity  of  magnetism),  and  the  current. 

This  is  simply   substituting  vi  iorj)  in  the  ratio  giving  zy  =  in- 

ductance.  On  the  same  principle  we  may  substitute  for  the 
current  the  magnetic  potential  at  a  point  where  the  solid  angle 
is  numerically  equal  to  the  reciprocal  of  the  permeability  when 

the  ratio  becomes  .j,  the  quantity  of  magnetism  divided  by  the 

magnetic  potential,  the  analogue  of  the  quantity  of  electricity 
divided  by  the  electric  potential  or  electro-static  capacity.  Elec- 
tro-static capacity  has  tlie  dimensions  of  a  length  in  the  electro- 
static system  ana  of  the  reciprocal  of  an  acceleration  in  the  elec- 
tro-magnetic system,  just  the  reverse  of  inductance.  I  will  now 
leave  the  theory  of  dimensions  with  the  single  observation  that 
judging  from  tlie  amount  of  nonsense  that  lias  been  written  and 
spoKen  on  the  subject,  'tis  but  a  step  from  dimensions  to  dementia, 
^ow  in  regard  to  the  size  of  the  ''henry."  I  am  pleased  to  see 
the  drift  of  opinion  toward  adopting  the  quadrant  value  for 
several  reasons.  In  the  first  place  ''  too  many  cooks  spoil  the 
broth  "  :  If  every  one  who  has  an  induction  coil  or  relay,  must 
have  the  henry  made  to  fit  it,  so  that  its  inductance  may  be  ex- 
pressed in  one  or  two  figures,  we  will  have  no  unit  at  all.  It 
has  been  complained  for  several  years  that  there  was  a  great 
diversity  of  wire  gauges,  but  the  controversy  has  added  to  the 
number  in  use  to  say  nothing  of  the  others  recommended.  It 
must  be  admitted  that  the  Committee  of  the  British  Association 
did  its  work  pretty  thoroughly,  and  being  a  small  body  of  men 
did  what  a  large  body  finds  more  diflicult,  and  the  electrical  com- 
munity at  large  finds  impossible.  They  agreed  among  them- 
selves, and  produced  a  system  of  units.  Let  us  stick  to  the 
system.  We  are  now  struggling  with  three  values  of  our  present 
oiim  and  volt,  and  if  we  increase  the  values  tenfold  as  has  been 
suggested,  to  simplify  matters,  we  will  have  six  ohms,  and  six 
volts,  by  which  time  if  we  are  not  all  candidates  for  the  lunatic 
asylum  we  will  think  how  much  simpler  it  was  in  the  good  old 
days  when  everybody  expressed  p:.  m.  f.  in  Daniell's  cells.  I 
consider  the  criticism  that  our  volt  is  too  small,  as  very  weak. 
The  highest  e  m.  f.  used  so  far,  in  practical  engineering  is  I  be- 
lieve, 10,000  volts  or  thereabouts.  I  have  never  heard  a  bridge- 
builder  complain  that  a  foot  is  too  small  a  unit  because  he  builds 
bridges  several  thousand  feet  long.  I  have  never  heard  any  one 
complain  that  the  dollar  is  too  small  a  unit  because  he  can't  ex- 
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frees  bis  bank  balance  in  less  tban  five,  or  even  seven  figures, 
n  fact  we  already  have  a  larger  legal  unit,  the  eagle,  but  no  one 
uses  it ;  it  is  merely  the  name  of  the  ten-dollar  gold  piece  ;  not 
even  of  the  ten-dollar  bill.  In  machine  shops,  altnough  we 
nominally  have  feet  and  inches,  the  practical  unit  is  the  inch. 
We  never  hear  a  machinist  speak  of  a  steam  cylinder  of  eight 
feet  stroke,  but  of  ninety-six  inches  stroke.  In  the  second  place, 
if  we  place  the  value  of  the  henry  or  other  unit  very  far  from  its 
systematic  value,  we  in  many  cases  simply  hunt  the  extra  figures 
from  one  part  of  a  calculation  to  another.  For  instance,  it  we 
decide  to  call  the  present  microfarad,  the  farad,  because  it  is  a 
convenient  size,  when  we  wish  to  express  the  charge  at  a  given 
potential,  or  the  potential  at  a  given  charge,  of  a  system  measured 
with  this  farad,  those  six  disagreeable  figures  crop  out  again 
either  as  decimals  or  whole  numbers. 

The  Secretary  : — I  have  received  the  following  communica- 
tion upon  this  question,  from  Mr.  George  A.  Hamilton  who  was 
unable  to  attend  this  meeting. 

"  With  regard  to  the  subject  of  inductance,  I  might  say  that 
probably  more  was  done,  and  at  an  earlier  date,  in  the  way  of 
measuring  self-induction  than  would  be  inferred  from  'Mr. 
Kennelly's  remark  concerning  the  history  of  the  same.  Certainly 
as  early  as  18S3,  and  I  believe  earlier,  "it  was  common  practice 
with  us  in  the  telegraph  service,  to  measure  the  extra  cu)*rtnt  of 
the  different  forms  of  duplex  and  quadruplex  relays  that  were 
brought  out.  I  believe  also,  similar  measurement  were  made  in 
the  firitish  Post-office  service.  Tests  of  this  kind  by  mvself  were 
made  by  comparing  the  "  kick"  of  the  instruments  under  similar 
conditions  in  a  balanced  bridge,  and  also  by  shunting  them  with 
condensers  of  known  capacity,  and  observing  the  reduced  "kick." 
As  regards  the  name  for  the  unit,  I  am  decidedly  in  favor  of  the 
"henry"  with  s  for  the  plural.  I  incline  also  to  10*  for  its  mag- 
nitude for  the  reasons  given  in  the  paper.  I  believe  it  will  be 
found  convenient  in  practice,  and  micro-henry  can  take  care  of 
the  small  values." 

Mr.  Thorburn  Reid: — Mr.  President,  this  matter  of  the  choice 
of  a  unit  for  inductance  is  such  an  important  one,  that  it  ought  to 
be  discussed  as  fully  and  freely  as  possible  before  a  decision  is 
reaehed.  This  Institute  can  not  force  a  unit  on  the  electrical 
profession  unless  they  want  it,  and  it  therefore  behooves  us  to 
make  certain  that  we  have  chosen  the  very  best  unit  possible,  and 
one  which  the  profession  will  adopt ;  not  because  this  Institute 
has  approved  of  it,  which  fact  would  have  very  little  weight  with 
them,  but  because  it  supplies  to  them  something  that  they  want 
and  want  badly.  Since  then,  this  unit  ought  to  be  looked  at  from 
as  many  points  of  view  as  possible,  I  venture  to  give  a  few  con- 
clusions I  have  arrived  at  as  a  result  of  my  experience  with 
machinery  having  large  inductances. 

In  the  first  place,  I  would  suggest  that  the  Qo^mjijHt§^^^|^ 
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clearly  what  the  henry  is  to  be  the  unit  of.  It  is  ordinarily  called 
the  unit  of  self-induction,  but  the  term  "self-induction"  includes 
more,  and  less  than  the  quantity  which  is  to  be  expressed  in 
henry s.  It  is  a  general  term  connoting  all  the  phenomena  due 
to  the  creation  of  lines  of  force  in  a  coil  through  which  a  variable 
current  is  flowing.  Thus  we  have  the  e.  m.  f.  due  to  selfrinduc- 
tion,  the  lag  due  to  self-induction,  the  work  due  to  self-induction - 
the  coeflicient  of  self-induction,  etc.,  etc.,  any  one  of  which  the 
henry  might  be  the  unit  of,  and  of  only  one  of  them  is  it  the  unit; 
namely  the  coeflicient  of  self-induction.  But  the  definition  of  the 
henry  as  the  unit  of  the  coeflScient  of  self-induction  is  objection- 
able for  a  reason,  which  though  technical,  appears  jnst  as  cogent. 
A  coefficient  is  a  number,  a  multiplier,  and  can  have  no  unit 
except  unity.  A  coefficient  is  not  a  quantity  that  can  be  measured 
or  weighed,  it  is  simply  a  ratio  All  things  considered  it  appears 
best  to  call  the  henry  "  The  Unit  of  Inductance,"  a  term  suggested 
I  believe  by  Fleming  and  used  by  Mr  Kennelly  in  his  paper.  In 
the  next  place  it  would  be  well  to  define  exactly  what  this  term 
"  inductance "  means.  Fleming,  using  the  ordinary  term  L  to 
denote  inductance,  has  defined  it  in  three  ways  by  means  of  the 
following  equations: 

dt 

di 
Inequation  (1)  e  is  the  e.  m.  f.  of  S — L     -,-  is  the  time  rate  of 

change  of  the  current.  In  '2)  N  is  the  total  induction  through 
the  coil,  and  in  (3)  T  is  the  energy  of  self-induction.  The  second 
of  these  equations  is  inconsistent  with  the  other  two  and  is  mani- 
festly wrong.  Thus  the  first  of  the  three  equations  gives  L  as  the 
ratio  of  the  e.  m.  f.  of  self-induction  to  the  time  rate  of  change  of 
the  current;  in  other  words  the  f.  m.  f.  of  self-induction  equals  L 
times  the  time  rate  of  chancre  of  current.  The  counter  e.  m.  f. 
of  self-induction  equals  the  time  rate  of  change  of  the  total 
induction  through  tne  coil,  times  the  number  of  turns  in  the  coil. 

rrn   i.-    -i.         1     dJS^.    .d]V      .        .yA  di  .        ^^A  di 

That  IS,  it  equals  8  -,--  but  - ,-  —  4  ;r  /.t  o   ,-   -7-  .*.  ^  =  4  t:  /i  o  ^  -r^  -r: 

'       ^  dt  dt  ^       I   dt  ^         I  dt 

and 

A  A 

L^^An fiS^^'  also  iT  ==  4 ;r //  /S  ,-  i  and  .-.  from  equation  (2) 

J  ,         o  :^  j  when  /i— permeability.  <&— turns  in  the  coil. 

^       +?r/i«  ^  j  il— cross  section  and  ^— length  of  magnetic  circuit. 

It  will  be  found  by  going  through  the  analysis  by  which  equa- 
tion (:^)  was  found,  that  Z)has  the  same  value  in  that,  that  it  had  in  ( 1) 
It  appears  then  that  from  (1)  and  (8J  L  will  contain  the  square  of 
the  number  of  turns  in  the  coil,  while  in  equation  (2)  the  turns 
enter  as  a  first  power.     I  would  suggest  that  the  Committee 
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define  inductance  according  to  the  first  and  third  of  the  definitions 
given  above. 

Another  diflScnlty  which  manv  of  ns  have  found  in  this  whole 
subject  is  to  conceive  of  the  inductance  as  a  length.  This  con- 
ception may  be  of  use  to  the  mathematician,  but  to  the  ordinarv 
practical  man  for  whom  this  unit  is  supposed  to  be  adopted,  it 
18  meaningless.  A  very  good  physical  idea  of  the  meaning  of  the 
term  may  be  gained  from  the  first  of  the  above  three  algebraical 

definitions.     By  making  -^  in  that  equation  unity,  we  find  that 

Z  is  the  E.  M.  F.  of  self-induction  when  the  current  in  the  coil  is 

changing  at  the  rate  of  one  unit  per  second.     This  would  give  us 

the  inductance  as  a  counter  e.  m.  p.  and  is  tangible.     Suppose,  for 

instance,  a  coil  of  S  turns  to  be  wound  so  as  to  enclose  a  magnetic 

circuit  of  permeability  fi  and  length  I  and  cross  section  A.   Then 

the  number  of  lines  that  will  thread  the  coil,  when  a  current  c 

A 
flows  through  it,  will  be  4  ;r/Sb  y-  and  if  the  current  is  changing  at 

the  rate  of  one  ampere  per  second,  the  number  of  lines  threading 

the  coil  will  be  changed   by  an  amount  equal  to  -r4  'S'*  /^  -^ 

in  absolute  units  of  e.  m.  f.     To  obtain  this  b.  m.  f.  in  volts,  we 

12  5664         A 
must  divide  by  10^  and  we  have  Z^ — i-.--   «'  u  -r  if  i  and  A 

are  expressed  in  centimeters,  and  Z ^— -^  s^  fi  -j  \i  I  and  A 

are  expressed  in  inches.  This  appears  to  me  to  be  the  simplest 
conception  of  the  inductance  and  furnishes  a  simple  and  easily 
understood  formula  for  obtaining  its  value.  These  eouations 
give  the  value  of  Z  in  henrys.  There  is  another  consideration 
in  favor  of  adopting  as  the  unit  of  inductance  10*  the  absolute 
unit,  which  I  have  not  heard  mentioned,  and  that  is  the  fact  that, 
in  equations  involving  inductance  along  with  other  electrical 
quantities,  we  may  perform  directly  all  the  algebraical  operations 
without  having  to  change  the  value  of  Z.  This  may  probably 
be  most  forcibly  brought  out  by  means  of  an  example.  Take  for 
instance,  the  equation  for  an  alternating  current  in  the  coils  of  a 
magnet  upon    which   a    known   e.  m.  f.   has  been   impressed 

C—    .  -^.   .    "f   .7Tr~o  wherj  n  is   the   number  of  periods  per 

second,  E  the  apj:lied  e.  m.  f.  and  i?  the  olimic  resistance.  If 
Z'is  in  volts,  li  m  ohms  and  Z  in  henrys,  we  may  add  together 
directly  the  two  terms  under  the  radical  sign  and  divide  Z' by  the 
square  root  of  tlieir  sum  and  obtain  the  current  directly  in 
amperes.  The  expression  in  the  denominator  of  that  equation, 
sometimes  called  the  '^ impedance,"  is  continually  turning  up  in 
alternating  current  work,  and  it  will  be  a  great  convenience  to 
the  practical  man  to  obtain  its  value  so  easilyig  zTheM^rttMgf sZ 
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in  tlij  primary  of  a  lO-Hffht  transformer,  (Westinghouse)  assuming 
a  pjrmeability  of  800  (which  is  about  the  value  of  the  perme- 
ability at  the  maximum  magnetization)  is  about  9  henrys,  which 
on  open  circuit  will  give  according  to  the  above  formula  a  current 
of  .14  amperes,  whicli  is  in  fact  about  the  actual  strength  of  the 
current  in  that  transformer  on  open  circuit.  There  is  another 
consideration  bearing  on  this  subject  whose  effect  it  is  hard  to 
predict  at  the  present  time.  That  is,  the  variation  in  the  value 
of  the  permeability  of  iron  and  steel.  This  variation  will  cause 
the  value3  of  the  henrys  obtained  by  means  of  the  first  and  third 
of  those  three  equations  to  be  different.  Taking  L  as  the  ratio 
of  the  electromotive  force  of  self-induction  to  the  time-rate  of 
change  of  the  current,  we  will  get  for  this  particular  transformer 
nine  henrys.  Taking  the  third  definition,  half  of  the  magnetic 
energy  of  self  induction,  divided  by  the  current,  we  get  in  this 
particular  transformer  something  less  than  one  henry.  Exactly 
what  that  means  1  have  not  been  able  to  make  out  as  yet. 

Mk.  Crocker: — In  regard  to  the  dimensions  of  the  unit  of  in- 
ductance being  a  length,  I  did  not  suppose  that  there  was  any  ques- 
tion in  the  mind  of  any  one  who  had  spent  more  than  a  montli  or 
two  studying  electricity,  as  to  the  fact  that  these  dimensions  are 
arbitrary  to  a  great  extent,  and  differ  in  each  system,  but  we  have 
adopted  the  electro-magnetic  system,  and  we  never  use  the  electro- 
static system  and  are  not  likely  to  use  it,  therefore  it  does  give 
a  certain  importance  to  the  dimensions  of  a  unit,  being  always 
expressed  in  terms  of  the  former  system.  Furthermore,  the  lan- 
guage of  the  report,  which  I  presume  brought  forth  this  criticism 
simply  states  that  "  10*  absolute  units  of  inductance,  usually  ex- 
pressed as  a  length  equal  to  one  earth's  quadrant^"  which  is  cer- 
tainly a  fact,  and  it  was  given  more  to  show  why  the  unit  was 
called  a  quadrant.  However  arbitrary  the  dimensions  of  the 
unit  thougli,  they  are  not  absolute  but  will  change  with  the  sys- 
tem. But  as  we  are  not  likely  to  change  the  system,  the  dimen-. 
sions  are  not  likely  to  change.  As  to  the  question  of  definition,  I 
think  that  is  a  verv  important  matter.  In  regard  to  the  first 
point  that  Dr.  llutcfiinson  mentioned,  as  to  how  the  value  of  the 
unit  will  be  affected  by  variations  in  the  value  of  the  ohm  or 
volt ;  that  will  take  care  of  itself.  Ultimately,  I  presume,  the  volt 
will  be  the  correct  volt,  and  the  ohm  will  be  the  correct  ohm,  and 
in  that  case  the  unit  of  self-induction  will  be  the  correct  unit.  In 
other  words,  all  the  practical  units  will  gradually  undergo  a  per- 
fecting process,  and  when  any  one  of  them  is  improved  by  experi- 
mental determinations  they  will  all  improve.  It  is  very  unfortunate 
that  it  is  necessary  to  go  through  that  change,  but  I  see  no  help  for 
it,  an  1  I  think  that  the  unit  of  self-induction  will  be  perfected  and 
take  care  of  itself,  and  follow  along  with  the  others  Therefore  to 
give  it  a  particular  value,  would  be  to  fix  it  in  its  present  incor- 
rect condition.  In  regard  to  which  is  the  better  definition,  of 
the  various  ones  that  are  given,  I  think  the  electromotive  force 
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ifl  certainly  much  easier  to  understand,  and  the  counter  electro- 
motive force  of  self-induction  is  really  the  phenomenon  that  is 
practically  important.  The  energr  of  self-induction  is  not 
usually  so  important  as  its  counter  electromotive  force. 

In  regard  to  the  importance  of  the  unit  of  inductance,  I 
believe  that  it  will  be  almost  as  much  so  as  resistance,  and  that 
the  unit  of  inductance  will  in  the  future  have  perhaps  nearly  as 
much  use.  For  example,  in  all  alternate  current  work ;  the 
telephone,  and  the  armatures  of  even  the  continuous  current 
machines,  the  self-induction  is  as  important  as,  or  more  important 
than  the  resistance.  Therefore  this  unit  is  destined  to  very  exten- 
sive use,  perhaps  equal  to  that  of  any  other  electrical  unit,  with 
the  exception  possibly,  of  the  volt  and  ampere. 

The  question  is  exactly  what  the  unit  applies  to.  The  coefficient 
of  self-induction  of  course  is  the  ordinary  idea.  But  that  is  de- 
fined in  terms  of  a  unit  change  of  current  in  a  unit  time.  If  we 
have  ten  units  change  of  current  in  a  unit  time,  then  we  have 
ten  times  the  self-induction,  but  the  coefficient  will  be  no  greater. 
If  we  have  a  certain  electro-majmet  and  discharge  it,  and  cause 
ten  amperes  of  current  to  cease  flowing  in  one  second,  the  actual 
self-indnction  would  be  that  due  to  the  change  of  current,  ten 
amperes  in  one  second  The  coeflicient  of  self-induction  would 
be  calculated  from  a  change  of  current  of  one  unit  in  one  second. 
Therefore  you  might  say  that  you  have  the  coefficient  of  self-in- 
duction and  the  aetuul  self-induction  in  any  given  case.  It  is 
perfectly  possible  that  you  might  have  a  variation  of  a  tenth  of 
an  ampere  in  a  second,  but  the  coefficient  of  self  induction  would 
be  that  due  to  a  unit  change  of  current  in  a  unit  time.  I  think 
that  distinction  between  the  coefficient,  which  is  a  special  case 
due  to  a  unit  variation  of  current  in  a  unit  time,  is  one  thing,  and 
the  actual  self  induction  in  any  given  case,  which  may  be  ten  units 
of  change  or  a  tenth  of  a  unit,  is  quite  another  thing.  The  actual,  is 
usually  more  important  than  the  unit  coefficient  of  self-induction 
because  the  former  is  what  we  really  have.  Of  course  the  ac- 
tual eelf-induction  is  obtained  by  multiplying  the  coefficient  of 
self-induction  by  the  actual  time  rate  of  change  of  current  that 
takes  place  in  any  given  case.  In  regard  to  whether  Henry  is 
entitled  to  the  credit  of  the  discovery,  which  Dr.  Hutchinson 
questions,  I  would  say  that  the  reference  of  Mr.  Lockwood  in 
his  paper  last  May,  was  evidently  to  a  discovery  which  was  very 
vague  indeed;  whereas  if  you  look  back  to  Henrj^'s  publications 
which  I  have  done,  you  will  see  that  he  distinctly  observed  the 
phenomenon  of  self-induction,  and  distinctly  states  the  fact 
that  the  action  was  one  of  the  current  on  itself,  showing  that 
he  not  only  observed  the  phenomenon,  but  knew  what  it  was  due 
to,  and  explained  it,  and  practically  named  it.  That  is  certainly 
when  the  actual  discovery  took  place.  The  mere  observatioii 
of  a  phenomenon  that  is  not  understood,  is  not  a  scientific 
discovery. 
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Mr.  a.  E.  Kknnelly  : — Mr.  PreeideDt  and  Gentlemen :  Some 
very  interesting  matter  has  been  raised  in  this  discussion,  and  I 
hope  that  the  Institute  will  be  able  to  report  progress  in  the 
investigation.  First,  as  regards  inductance  and  its  nature ;  I 
think  it  is  only  fair  to  say  that  although  for  exainple,  a  length 
divided  by  time  is  not  necessarily  a  velocity,  and  does  not 
necessarily  convey  the  meaning  oi  a  velocity ;  nevertheless  the 
converse  is  true,  that  a  velocity  must  be  a  length  divided  by  a 
time,  and  so  every  physical  quantity  such  as  mass,  weigiit, 
energy,  etc.,  must  have  one  and  strictly  only  one  definite  repre- 
sentation in  the  fundamental  units  of  length,  mass  and  time, 
although  that  fundamental  expression  may  be  meaningless  when 
considered  by  itself. 

As  regards  the  apparent  discrepancy  between  the  dimensional 
values  not  only  oi  inductance,  out  of  every  other  quantity  in 
electricity  and  magnetism,  as  stated  in  the  electro-static  system  or 
in  the  electro-magnetic  system,  the  fact  that  there  is  a  discrepancy 
shows  the  imperfection  of  our  knowledge  of  the  subject,  because 
if  we  did  possess  more  accurate  knowledge,  there  could  be  one, 
and  only  one  true  expression  of  length,  mass  and  time  which 
would  denote  the  quantity  we  study.  For  example,  suppose 
that  the  astronomical  unit  of  mass  were  expressed  in  terms  of  a 
length  and  a  time,  that  would  not  be  truly  the  expression  of  mass 
physically.  It  would  be  the  expression  of  it  in  terms  of  a 
property  of  matter,  namely  its  gravitation,  throuffh  which  the 
quality  usually  represented  by  J^the  mass  itself,  oecomes  elim- 
inated. There  is  really  part  of  the  expression  which  has  been 
exchanged  and  suppressed,  and  which  has  disappeared.  Now  it 
is  a  very  important  matter  to  know  whether  inductance' can  be 
truly  expressed  as  a  length  or  not.  The  common  opinion  is  that 
it  must  be  so,  and  it  usually  is  so  expressed.  It  can  not  in  all 
probability  be  a  length,  because,  as  has  been  pointed  out  by 
several  speakers,  it  is  capable  of  being  expressed  in  the  electro- 
static system  as  the  inverse  of  an  acceleration.  The  wliole  sub- 
i'ect,  tlierefore,  recjuires  some  future  revision,  but  when  our 
mowledge  becomes  more  perfect  as  we  all  expect  it  will  be  con- 
cerning the  nature  of  these  phenomena,  so,  proportionately,  will 
our  definitions  be  more  clear,  and  there  will  be  one,  and  only 
one  definite  expression  of  inductance  considered  in  terms  of 
length,  mass  and  time. 

As  regards  the  right  or  the  grace  of  the  Institute  in  dealing 
with  the  question  of  what  the  name  of  the  unit  should  be,  per- 
haps as  has  been  pointed  out,  the  lead  in  the  matter  should  be 
taken  by  more  strictly  scientific  bodies  representing  the  country. 
But  in  this  case,  as  in  many  others,  it  is  the  practical  men  who 
point  out  the  requirements,  and  as  a  body  of  practical  engineers, 
the  Institute  has,  I  presume,  a  perfect  right  to  set  forth  its 
necessities,  to  create  provisionally,  perhaps  it  may  be,  a  practical 
unit  for  them,  and  to  recommend  the  name  of  that  unit  to  the 
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next  International  Electrical  Congress.  Whether  that  Congress 
will  endorse  this  unit  is  another  matter,  but  if  it  has  been  recom- 
mended by  a  body  of  practical  engineers,  if  it  has  already  re- 
ceived sanction  by  custom  and  usage,  the  argument  in  its  favor, 
provided  that  the  selection  has  been  good,  will  indeed  be  a  most 
cogent  one. 

A  very  important  matter  is  the  question  of  how  that  unit  shall 
be  defined,  if  we  had  no  iron,  it  would  be  verv  simple,  because 
all  these  three  definitions  of  induction — the  dennition  by  which 
we  refer  it  to  back  electromotive  force,  the  definition  by  which 
we  refer  it  to  the  total  number  of  lines  of  force  through  the  cir- 
cuit and  the  definition  which  defines  it  in  terms  of  tne  energy 
accumulated  in  the  circuit  through  induction,  would  all  be  one 
and  the  same  thing  in  fact,  if  not  m  terms.  But  unfortunately  in 
dealing  with  iron,  we  come  across  a  difficulty.  Mr.  Crocker  has  said 
that  he  thinks  the  definition  with  regard  to  back  electromotive 
force  is  the  one  which  convevs  most  clearly  and  most  effectually 
the  nature  of  inductance.  1  have  the  honor  to  differ  from  Mr. 
Crocker  in  this  belief.  When  1  see  a  coil,  I  can  imagine  the 
number  of  linka^s  with  that  coil,  and  more  readily  estimate  in 
this  way  its  inductance,  than  I  could  by  forming  a  conception  of 
its  counter  electro-motive  force  with  change  of  current.  That  is 
however  onlv  a  matter  of  opinion.  But  there  is  this  advantage, 
that  the  method  of  referring  inductance  to  the  number  of  lines 
linked  with  a  coil  is  one  which  is  very  fundamental  and  simple. 
It  does  not  require  any  recourse  to  the  differential  calculus,  as  the 
others  do,  because  the  time-rate  of  change  has  to  be  defined  as 
the  instantaneous  timerate  and  not  the  time-rate  in  any  actual 
period  elapsed.  You  must  define  the  back  electromotive  force 
as  at  the  instant  and  not  in  any  definite  thousandth  of  a  second, 
or  hundredth  of  a  second  that  has  passed  by.  You  have  there- 
fore a  language  which  savors  of  the  differential  calculus,  and  it 
is  surely  important,  that  all  our  definitions  should  be  of  the 
simplest  possible  nature  when  we  are  dealing  with  terms  to  be 
employed  practically.  Apart  from  that,  it  is  essential  that  the 
definition  sliould  embrace  all  those  differences  which  are  met  with 
in  practical  measurements.  If  you  take  a  coil  with  iron  in  it,  and 
you  measure  its  inductance  with  a  very  feeble  current  you  will 
get  a  comparatively  large  inductance,  because  the  penneability  of 
the  iron  at  that  moment  is  high,  and  if  you  measure  it  with  a 
secohmmeter  the  inductance  you  will  get  will  be  a  comparatively 
large  one,  because  you  measure  indirectly  the  total  effect  of 
passing  those  lines  in  and  out,  and  the  back  electromotive  force 
of  that  on  the  circuit.  But  when  you  come  to  use  a  strong  cur- 
rent you  will  get  relatively  a  smaller  inductance  because  you  are 
saturating  the  iron  up,  and  you  are  not  getting  in  proportion  to 
the  current  anything  like  the  same  number  of  fines  m  and  out  of 
the  coil,  and  tlie  result  is  that  the  apparent  inductance  of  the  coil 
will  be  less.     It  does  not  matter  which  defiBit^jpp^^j^o^jjpjgJpj^it 
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will  not  help  you.  It  does  not  help  yon  if  you  express  it  in  the 
lirst  definition,  or  the  second  or  third,  you  will  be  hopelessly 
entangled  and  the  results  will  be  meaningless  unless  you  specify 
the  conditions  of  the  test ;  the  measurement  will  even  differ  with 
the  particular  form  of  apparatus  employed,  etc.  The  only  hope, 
as  it  appears  to  me,  is  to  specify  that  mductance  shall  be  expressed 
by  any  of  those  three  definitions,  and  then  to  say  that  the  induc- 
tance with  iron  has  to  be  referred  to  the  inductance  that  would 
exist  without  the  iron  by  the  use  either  of  the  specified  conditions 
of  the  test,  or  of  the  specified  conditions  of  the  iron.  If  you 
have  all  the  conditions  of  the  test,  or  if  you  have  all  the  conditions 
of  the  iron,  you  once  more  bring  the  inductances  you  have 
measured,  into  definite  values  and  quantities  which  will  have  value 
to  express  to  others  or  to  record.  It  would  be  unfair  to  define 
the  inductance  in  one  of  those  ways,  and  leave  the  others  out, 
seeing  that  in  the  absence  of  iron  all  three  are  equally  true,  simply 
because  iron  distorts  the  phenomenon.  I  think  it  would  be  a 
more  wide  and  general  acceptation  to  admit  the  three,  employing 
the  second  perhaps  for  the  sake  of  its  simplicity,  and  simply  say 
that  if  you  use  iron  you  must  specify  all  the  conditions,  in  order 
to  explain  your  meaning. 

I  hope  also  that  some  discussion  will  be  held,  and  some  views 
promoted  upon  a  brief  symbolic  representation  of  the  unit.  I 
think  that  there  may  be  objections  tothe  particular  letters  sug- 
gested in  the  paper,  //and  ^,  but  if  anybody  will  give  some  simple 
means  of  writing  henry  or  millihenry,  it  will  be  of  considerable 
advantage  to  us.  Of  course  it  may  be  necessary  to  write  the 
word  in  full,  but  brevity  is  the  soul  of  wit  and  many  other  things, 
and  if  we  can  have  a  simple  sign  for  it,  it  will  help  us. 

Mr.  C.  O.  Mailloux: — The  remarks  of  Mr  Crocker  in  refer- 
ence to  expressing  inductance  in  terms  of  "counter"  e.  m.  f., 
constitute  in  my  opinion,  a  suggestion  of  some  importance.  In 
practice,  with  alternating  currents,  we  do  not  deal  with  the  in- 
stantaneous values  of  current  or  e.  m.  f.,  but  we  make  our  calcu- 
lations on  the  basis  of  mean,  effective,  or  average  values  corre- 
sponding to  a  given  cycle  or  "period"  of  the  electrical  action. 
The  great  practical  convenience  of  using  average  values  for  cur- 
rents or  E.  M.  F.  suggests  that  we  miglit  profitably  extend  the 
principle  further.     The  first  method  of  expressing  inductance 

{e=Zr^'-)  is  of  no  practical  use  when  there  is  iron  in  the  mag- 
netic circuit,  since  the  inductance  eoeffcient  L  has  a  series  of 
instantaneous  varying  values.  I  believe  it  would  be  of  great 
practical  convenience,  and  I  do  not  think  it  is  impossible,  to 
arrive  at  a  value  for  the  inductance  which  would  be,  so  to  speak, 
"  mean  effective  "  in  a  sense  corresponding  to  what  is  signified  by 
the  same  term  in  the  steam  engineering  phrase  "  mean  effective 
prc>5sure."  It  is  not  the  successive  stages  or  phases  of  the  in- 
ductance that  enter  into  our  practical  Tncasuremgiijs^^^n^^^ul^ 
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tions,  but  rather  the  mean  or  average  inductance  for  the  cycle  of 
the  current  (^The  word  cycle  is  here  used  as  equivalent  to  a 
half-period,  since  the  reversal  of  the  magnetic  polarity  merely 
repeats  the  same  cycle  so  far  as  inductance  is  concerned^) 

Inductance  has  been  defined  as  the  product  of  a  length  by  a 
permeability,  with  the  assumption  that  the  permeability  is  unity. 
N^ow  I  can  conceive  that  we  might  express  the  inductance  as  the 
product  of  two  factors,  one  of  which  is  a  coefficient  simply, 
whether  we  regard  it  as  representing  le7igth  or  anything  else, — 
(we  might  if  we  prefer  call  it  a  length  factor  or  coefficient ;)  the 
other  factor  being  what  I  might  term  the  ''  mean  effective  per- 
meability." Since  the  permeability  undergoes  a  series  of  varia- 
tions when  tiie  current  rises  from  zero  to  the  upper  limit  of  max- 
imum value  reached  in  the  given  cycle,  we  have  a  series  of  val- 
ues to  consider.  By  integrating  the  curve  of  the  permeability, 
plotted  with  respect  to  the  current  (preferably)  or  with  respt  ct 
to  the  time  (which  would  amount  to  the  same  thing)  we  can 
arrive  at  the  mean  effective  value  of  the  permeability  for  the  cy- 
cle of  current  (or  time)  passed  through.  If  we  multiply  this 
mean  value  by  the  lengtn  factor  we  have  the  mean  effective 
value  of  the  inductance.  Now  I  submit  that  what  wt*  usually 
get,  when  we  measure  inductance,  is  in  reality  the  product  of 
those  two  factors.  Unfortunately  we  do  not  have  the  means  of 
separating  them,  unless  we  regard  the  length  coefficient  as  the 
inductance  value  that  would  be  obtained  if  the  iron  were  re- 
moved from  the  magnetic  circuit ;  and  regard  the  other  factor 
(the  mean  effective  permeability)  as  the  &ctor  indicating  how 
many  times  the  inductance  is  increased  when  the  iron  is  present. 
We  know,  as  Mr.  Kennelly  has  just  incidentally  stated,  that 
when  we  confine  ourselves  to. low  currents,  we  obtain,  by  meas- 
urement, a  higher  value  for  the  inductance.  A  reference  to  the 
curve  j'ust  I'eferred  to,  of  permeability  as  a  function  of  the  cur- 
rent will  explain  this  readily,  because  the  factor  I  call  the  mean 
effective  permeability,  has  under  these  circumstances,  a  greater 
(mean")  value  ;  whereas  when  the  iron  is  carried,  at  each  cycle, 
to  a  higher  degree  of  saturation,  by  using  stronger  currents  in 
the  measurements,  the  mean  value  of  the  inductance  will  be 
much  smaller.  I  do  not  attach  so  much  importance  to  our  being 
able  to  separate  the  two  (constituent)  factors  of  the  mean  effec- 
tive inductance.  The  principal  thing  needed,  is  a  value  for  the 
inductance  which  can  be  treated  as  if  it  were  constant  for  a 
whole  cycle,  or  a  whole  period,  and  which  will  reconcile  theo- 
retical ideas  with  practical  requirements.  I  see  no  difficulty  in 
this  way  of  approaching  the  question.  I  think  it  clears  some 
points,  and  it  may  be  useful  as  a  step  toward  defining  the  kind 
of  inductance  which  we  actually  deal  with  in  practice ;  for  as  I 
have  intimated,  our  ordinary  methods  of  measuring  inductance 
give  us  a  mean  effective  value  which  we  then  treat  as  if  it  were 
constant.     This  mean  value  must  of  necessity  vary  according  to 
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the  limits  between  which  the  penneability  varies  under  the  con- 
ditions of  measurement. 

Me.  Reid  : — Some  points  have  been  raised  since  I  made  my 
remarks  a  little  while  ago  which  I  would  like  to  go  into  a  little 
further,  and  Mr.  Mailloux  has  just  spoken  of  one  of  them — what 
he  calls  a  mean  inductance  obtained  by  getting  a  mean  value  of  fi. 
It  might  be  done  if  we  could  start  from  a  zero  current  and  go 
up  to  the  maximum  current  and  stop  there,  but  if  we  go  through 
a  cycle  of  operations,  the  permeability  varies  all  the  way  from 
minus  infinity  to  plus  infinity,  without  any  possibility  of  getting 
a  mean  value,  and  the  inductance,  taking  it  from  the  first  defim- 
tion,  that  is  the  ratio  of  the  counter  electromotive  force  of  self- 
induction  to  the  current,  varies  through  a  wide  rao^,  and  how 
you  are  going  to  get  a  mean  effective  inductance  from  that,  I 
confess  I  can  not  see. 

Mr.  Kennelly  mentioned  too,  that  in  the  case  of  the  trans- 
former that  I  gave,  where  the  inductance  was  ten  henrys  in  one 
case  and  one  henry  in  another.  I  understood  him  to  say  that  there 
must  have  been  one  particular  value  of  the  inductance  for  that 
transformer.  Now  tnere  were  an  infinite  number  of  values. 
The  permeability  varies  all  the  time  from  zero  current  up  to  maxi- 
mum current,  and  the  value  of  the  inductance  that  I  nappeued 
to  work  out,  taking  the  permeability  of  the  iron  at  maximum 
magnetization  happened  to  give  the  correct  current  for  that  trans- 
former when  I  applied  it  in  the  formula  for  the  current  in  the 
alternating  current  magnet.  In  the  other  case  I  took  the  work 
done  in  hysteresis  in  the  transformer  and  with  known  quantities 
worked  out  the  inductance  from  that,  taking  the  hysteresis  as  the 
magnetic  work  that  was  done  in  the  transformer.  That  was  the 
way  that  I  got  the  two  values  of  the  inductance,  and  as  I  said  I 
do  not  exactly  see  yet  why  those  values  are  different,  but  it  is 
evidently  due  to  the  hysteresis  and  to  these  varying  values  of  //. 
an  average,  which  I  do  not  see  any  way  of  getting  at.  Then  in 
regard  to  the  second  definition  of  Fleming's,  if  I  understood 
Mr.  Kennelly  again,  he  said  that  that  agreed  with  his  idea  of 
linkages — the  number  of  linkages  in  a  circuit.  If  that  was  what 
he  said,  I  would  say  that  second  definition  of  Fleming  was  iV, 
the  total  induction,  divided  by  the  current,  and  in  Mr.  Kennelly's 
linkages  the  total  induction  was  multiplied  by  the  number  of 
turns  which  is  the  proper  value  of  the  inductance.  That  is,  he 
took  the  number  of  lines  of  force,  times  the  number  of  turns 
through  which  they  went,  which  is  the  proper  value  of  the  in- 
ductance. But  Fleming's  definition  does  not  bring  in  the  number 
of  turns  at  all,  except  in-so-far  as  the  number  of  turns  determines 
with  the  current  tne  number  of  lines  that  will  go  through  the 
m^^etic  circuit 

Dr.  Hutchinson: — I  would  like  to  ask  Mr.  Reid  how  the 
value  of  the  permeability  passes  through  infinity.  I  think  the 
value  of  total  induction  referred  to  by  Mr.  Kennelly  and  also  Dr. 
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Fleming's  "iV^"  is  the  number  of  lines  through  the  iron,  multi- 
plied by  the  number  of  turns.  Mr.  Crocker  says  he  does  not 
think  it  proper  to  give  any  definite  value  to  the  unit.  That  is  to 
say,  he  wishes  the  name  to  apply  to  some  value,  but  does  not  wish 
to  tie  it  down  to  any  numerical  value,  but  wishes  it  to  be  a  float- 
ing value,  coincident  with  the  current  value  of  the  legal  ohm  at 
any  time  i.  e.  the  secohm.  But  this  all  seems  to  me  indefinite 
and  vague,  and  contradictory  to  the  Committee's  report.  Speak- 
ing of  Henry,  it  certainly  is  the  case  that  Henrjr  published  his 
first  paper  in  1832,  and  did  nothing  further  until  after  Faraday 
published  his  very  exhaustive  researches  on  the  subject. 

Mb.  Mailloux: — I  would  like  to  make  an  explanation.  I  am 
well  aware  of  course  that  a  point  moving  back  and  forth  in  the 
same  path  would  not  enclose  a  surface,  and  that  there  could  be 
no  integration.  I  want  to  call  attention  to  the  fact  that  the 
motion  one  way  is  to  be  considered  separately  from  that  the  other 
way,  and  that  it  may  besides  follow  quite  a  diflferent  path.  In 
the  case  of  continuous  currents  for  instance,  we  have  the  self- 
induction  of  current  rise  when  the  circuit  is  closed;  and  the 
inductance  of  current  fall,  when  the  circuit  is  opened,  which 
latter  may  not  take  place  until  an  indefinite  time  afterward. 
With  alternating  currents,  the  rise  and  fall  follow  each  other 
closely.  We  must  not  confound  the  two  effects  however.  We 
must  consider  them  separately.  If  they  are  both  alike^  we  may 
regard  one  as  the  repetition  of  the  other.     In  either  case  we  can 

rjrform  the  integration  and  therefore  obtain  the  average  value, 
merely  presented  this  view  as  a  suggestion  which  might  lead 
others  to  evolve  a  method  possibly  more  correct  in  details. 

Mb.  Cbogeeb  : — In  regard  to  what  Dr.  Hutchinson  says  as  to 
value,  I  think  it  would  be  a  great  mistake  to  arbitrarily  define 
the  henry  in  terms  of  legal  volts  and  ohms  or  whatever  may  be 
involved  in  the  definition  at  the  present  time,  making  it  necessary 
to  change  that  definition  at  some  future  date,  and  thus  bring 
about  the  infinite  annoyance  caused  by  a  new  definition  every 
little  while.  In  other  words  I  think  we  better  let  the  value  be 
uniform  with  that  of  the  legal  volt,  ohm,  etc.,  at  that  particular 
time,  either  as  adopted  internationally,  or  as  given  by  the  best 
authorities.  For  example  we  now  use  a  "true  ohm"  and  a 
"  legal  ohm."  All  that  would  be  necessary  would  be  to  specify 
in  which  of  those  units  your  henry  is  defined.  That  would  be 
better  than  fixing  an  arbitrary  value  which  would  subsequently 
require  considerable  effort  to  change.  The  discrepancy  is  very 
small  after  all,  and  in  a  thing  like  self-induction,  that  varies  so 
enormously,  and  where  the  exact  values  are  not  so  particularly 
important,  a  slight  discrepancy  would  not  amount  to  very  much, 
for  the  present.  If  anyone  chooses  to  define  the  henry  m  terms 
of  the  B.  A.  ohm,  the  true  ohm,  or  the  legal  ohm,  it  would  be 
perfectly  proper  to  do  so,  and  as  a  matter  of  fact  it  would  be 
exactly  what  is  done  every  day  by  the  best  authc^jJiif^j^^Qj^i/^jsga^ 
of  the  ohm.  ^ 
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Db.  Hutchinson: — I  see  Mr.  Crocker  would  define  it  by  the 
equation  rC-\-Ij^  — >  JS,  thus  making  it  the  secohm,  and  contra- 
dicting the  '*  report "  as  I  said  before. 

Mr.  Mailloux: — I  would  like  to  supplement  the  remark  which 
I  last  made  as  further  elucidating  the  view  and  the  criticism  of 
Mr.  Reid.  In  our  method  of  calculating  inductance  and  measur- 
ing it.  we  of  necessity  assume  that  the  inductance  during  the  rise 
of  the  current  is  the  same  as  that  during  the  fall  of  the  current ; 
but  there  are  many  considerations  which  now  come  to  my  mind, 
such  as  that  of  hysteresis,  that  mak^me  believe  they  are  not  the 
same ;  that  they  are  probably  different  values.  Of  course  we 
have  no  way  ot  dissociating  them,  so  that  in  reality  it  is  the  aver- 
age of  those  two  values  that  we  deal  with.  This  further  explains 
why  we  have  to  take  the  two  portions  of  the  cycle  separately,  in 
order  to  establish  the  correct  method. 

[The  equation  is  obtained  as  follows :     The  mean  value  of  the 

permeability  during  the  rise  of  the  current  is  /i  =  yy  C  G     ^^^ 
that  obtained  during  the  fall  of  current  is : 


-~ifi 


'fide 


Since  the  reaction  is  always  in  opposition  to  the  current,  viz:  to 
prevent  change  in  it,  we  can  add  the  two  effects  without  regard 

to  sign,  and  take  their  average,  fi^  =       T     ?  as  the  average  val- 

ue  for  the  whole  cycle.  If  the  inductance  were  the  same  during 
both  phases  (rise  and  fall  of  current)  then  would  /i^  =  //,  ==  /jl^. 
The  mean  effective  permeability  fi^  multiplied  by  the  length  co 
efficient  (JT)  will  give  the  mean  effective  inductance  or  /i^  K  ~ 

Mb.  Reid: — I  did  not  intend  to  criticise  Mr.  Mailloux's  proposi- 
tion when  I  made  the  statement  about  the  permeability,  except 
to  say  that  I  did  not  see  how  it  was  to  be  carried  out,  and  the 
whole  subject  to  me  now,  is  in  such  a  state  of  chaos,  that  I  really 
do  not  know  how  we  are  going  to  get  the  value  of  inductance 
with  transformers,  or  anything  having  alternating  currents.  In 
regard  to  the  permeability  getting  to  the  value  of  infinity,  that 
can  be  seen  simply  enough  in  any  of  the  hysteresis  curves,  per- 
meability being  the  induction  per  square  inch  divided  by  the 
magnetizing  force,  the  induction  remains  at  a  finite  value  when 
the  magnetizing  force  is  zero,  and  it  varies  from  pins  to  minus 
infinity  in  that  way.  The  whole  subject  of  inductance  whicli  I 
thougnt  I  had  grasped  some  months  ago,  or  may  be  a  year  or 
two  ago,  since  I  have  been  trying  to  work  it  out,  using  hysteresis 
curves  and  some  of  Professor  Ryan's  results,  has  gotten  to  be 
mixed  up  in  my  mind,  and  I  have  not  yet  been  able  to  clear  it  up 
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so  as  to  get  a  good  clear  idea  of  what  the  inductance  of  the  trans- 
former or  any  machine  having  alternating  currents  in  it  is. 

De.  Hutchinson  :  —Mr.  Reid  brought  forth  an  excellent  argu- 
ment against  the  second  definition  oi  hysteresis.  According  to 
that,  the  permeability  of  any  permanent  magnet  is  always  infinity. 
This  is  of  course  meaningless ;  the  definition  must  involve  a  rate 
of  change.  When  I  spoke,  I  was  thinking  of  the  definition  of 
permeability  as  the  tangent  of  the  curve,  which  never  becomes 
infinity. 

Me.  Charles  Stkinmetz  : — When  you  take  into  consideration 
the  fact  that  this  term  inductance  will  be  used  mainly  for  ex- 
plaining and  calculating  the  phenomena  of  alternating  currents, 
then  the  suggestions  that  Mr.  Mailloux  made — the  introduction 
of  this  "  effective  value  "  of  inductance — I  suppose  will  be  found 
more  useful  than  even  the  true  analytical  terra,  inductance.  In- 
deed, I  can  not  consider  the  choice  of  the  name  ''  effective  "  as  a 
happy  one,  because  that  suggests  something  of  square-root  of  a 
mean-square,  and  this  value,  which  Mr.  Mailloux  means,  is  not 
the  square-root  of  the  mean-square  of  the  different  values  of  in- 
ductance during  the  magnetic  cycle,  but  it  is  in  reality  very 
nearly  the  inductance  for  that  value,  which  corresponds  to  the 
maximum  magnetization  used,  and  therefore  I  would  prefer 
another  name,  which  is  not  so  liable  to  be  misunderstood ;  for 
instance  " resulting  inductance"  If  the  current,  and  also  the 
magnetism  can  be  supposed  to  follow  strictly  the  sine-law,  then 
this  '^ resulting  inductance"  is  exactly  that  value  of  inductance 
corresponding  to  the  maximum  current  and  maximum  magneti- 
zation used.  But  if  the  current  does  not  follow  quite  exactly 
the  law  of  harmonic  waves,  but  is  an  ordinarj-  alternating  machine 
current,  then  this  resulting  inductance  of  Mr.  Mailloux  will 
nevertheless  be  so  near  the  inductance  for  maximum  magnetiza- 
tion, that  with  the  usual  instruments  a  difference  can  hardly  be 
detected,  at  least  not  so  far  as  my  experience  goes.  And  I  had 
occasion  to  make  a  great  number,  I  believe  over  a  thousand  de- 
terminations of  this  value  of  self-induction,  and  of  the  work 
consumed  by  hysteresis,  over  a  very  large  range,  up  to  values 
where  the  hysteretic  loss  amounted  to  more  than  a  thousand 
watts,  and  I  always  found  the  value  of  inductance  very  near  the 
value  previously  calculated  for  the  maximum  magnetization  of 
the  cycle,  so  near  that  the  slight  differences  which  I  found— less 
than  5  per  cent. — 1  can  very  well  attribute  to  the  errors  of  obser- 
vation, to  the  inconstancy  of  speed  of  the  steam-engine,  etc.  So 
T  believe  that  when  you  measure  the  inductance  by  alternating 
currents,  or  for  the  purpose  of  using  it  for  alternating  apparatus, 
the  best  way  will  be  to  make  use  of  this  term  of  resulting  in- 
ductance, corresponding  to  the  maximum  magnetization,  that  is 
the  maximum  point  of  Swing's  curve  of  hvsteresis. 

Mr.  Kennelly  : — Perhaps  it  may  be  saie  to  say  that  the  con- 
sensus of  opinion  at  the  present  time  among:  the  members,  is  in 
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favor  of  adopting  10*  centimeters  as  the  practical  unit,  the  henry 
to  be  spelled  in  the  plural  "henrys,"  and  that  there  is  no  difficulty 
in  defining  it  in  a  copper  coil  wnich  has  no  iron  in  it  or  near  it, 
because  it  may  be  defined  with  equal  truth  in  any  one  of  three 
ways,  those  three  ways  giving  the  same  result  at  all  times,  and 
for  all  currents.  That  so  soon  as  iron  is  introduced,  the  induc- 
tance will  probably  vary  with  the  way  in  which  the  measurement 
is  made,  the  time  during  which  the  current  is  changing,  and  the 
value  of  the  current,  and  the  only  way  out  of  the  difficulty  from 
a  general  standpoint,  is  to  define  inductance  as  though  there  was 
no  such  thing  as  iron,  and  then  to  say  that  when  you  are  measu- 
ring any  inductance  which  is  iron-clad,  that  you  must  specify  the 
current  that  you  use,  and  the  way  that  you  obtain  it,  so  as  to  arrive 
at  the  permeability  of  the  iron  at  that  moment,  and  its  rate  of 
change.  If  that  is  done  we  should  have  no  difficulty  in  under- 
stanoing  what  we  mean  by  inductance,  and  we  shoula  only  have 
difficulty  when  one  fails  to  give  data  as  to  the  change  of  the 
currents  and  the  permeability  of  the  iron. 

As  regards  the  remarks  of  Mr.  Steinmetz,  which  are  very 
useful,  there  seem  to  be  in  different  transformers  certain  values 
which  must  be  taken  as  effective  values  of  inductance.  But  that 
will  depend  on  the  saturation  to  which  the  iron  is  worked,  and  1 
think  that  if  some  transformers  are  worked  with  a  low  induction 
density,  and  others  with  a  high  induction  density,  that  perhaps 
the  same  rule  would  not  apply  so  well,  and  I  would  like  to  ask 
Mr.  Steinmetz  what  his  experience  has  been  in  this  respect  But 
in  any  case  I  think  the  definition  of  eflEective  inductance  would 
naturally  follow  but  should  not  enter  into  the  general  definition 
of  the  term  because  inductance  applies  to  all  electrical  circuits,  of 
which  circuits  conveying  alternating  currents  are  a  class. 

Mr.  Steinmetz  :  —I  suppose  I  have  been  misunderstood  here. 
This  term  effective,  or  resulting  inductance,  is  in  my  mind  a 
function  of  the  density  at  maximum  magnetization,  and  1  con- 
sidered and  used  it  as  a  function  of  the  field  intensity,  in  deter- 
mining the  permeability  of  the  iron  for  the  maximum  magnetiza- 
tion in  each  set  of  readings,  and  using  this  value  of  permeability 
for  my  calculations.  Furthermore  it  was  not  a  transformer,  but 
large  electro-magnets  I  had  to  experiment  with.  I  may  add  that 
the  range  of  magnetization  was  from  very  low  magnetization  up 
to  a  density  of  70,000  lines  per  square  inch. 

Mb.  Kennelly  : — And  the  same  result  i 

Mb.  Steinmetz: — Yes. 

Mr.  Kennelly  : — Mr.  President,  not  being  a  member  of  the 
Committee,  I  think  I  may  safely  venture  to  move  the  adoption 
of  the  report  which  has  been  presented.  I  think  that  the  matter 
has  now  been  well  considered,  and  by  adopting  it  we  shall  at  least 
arrive  at  some  definite  conclusion  in  the  matter.  I  beg  to  make 
that  motion. 

[The  motion  was  seconded.]  ^.g,^,^^^  ^^  Google 
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Thb  President  : — The  Chair  understands  that  we  are  already 
talking  to  a  motion  to  adopt  the  report  of  this  Committee.  The 
report  was  before  ns  on  a  motion  to  adopt  at  a  previous  meeting, 
and  was  laid  on  the  table  for  consideration  at  this  meeting.  It  is 
that  motion  to  adopt,  that  we  are  talking  to  at  the  present  time. 

Mr.  Kbnnblly  : — In  that  case  I  beg  to  withdraw  the  motion 
to  adopt,  and  second  the  other  motion. 

The  President  : — As  the  Chair  understands  it,  we  adopt  the 
report  recommending  the  name  henry  for  the  unit  of  self-induction, 
and  now  if  we  adopt  the  present  report  it  will  recommend  the 
value  as  10  to  the  9th  power  absolute  units  of  inductance.  By  a 
previous  vote  of  the  Institute  the  name  henry  was  adopted. 

Dr.  Hutchinson  : — Mr.  Crocker  just  said  it  was  not  10  to  the 
9th.  He  said  it  was  something  to  nt  the  value  of  the  legal  volt 
and  ohm. 

Mr.  Crocker  : — In  regard  to  defining  the  henry  in  terms  of 
any  particular  equation,  that  has  been  pretty  well  shown  to  be  a 
pretty  dangerous  thing  to  do.  We  have  three  equations,  and 
they  nave  oiscrepancies  between  them  under  diflFerent  conditions, 
and  as  soon  as  iron  is  introduced,  it  complicates  the  matter  very 
much.  Therefore  the  defining  in  terms  of  any  particular  equa- 
tion, would  be  more  objectionable  than  to  give  it  a  value  arbitrarily, 
because  we  may  find  to-morrow  some  equation  that  would  be 
better  or  different,  and  I  do  not  see  any  reason  for  selecting  any 
one  of  those  equations. 

The  President  : — If  the  Chair  may  be  allowed  to  make  one 
remark  before  putting  the  question,  the  Chair  understands  it  in 
just  this  way :  We  are  not  talking  about  a  legal  henry,  but  we 
are  talking  about  a  practical  unit  of  inductance  in  the  same  way 
that  we  talk  about  a  practical  unit  of  resistance.  The  absolute 
unit  of  resistance  is  defined  in  terms  we  very  well  know.  The 
practical  unit  of  resistance  is  the  ohm,  and  the  ohm  is  defined  to 
be  so  manv  absolute  units  of  resistance.  Then  we  have  our  legal 
ohm  which  is  referred  to  some  physical  standard — some  quanity. 
Now  in  the  same  way  we  have  our  absolute  unit  of  inductance, 
and  we  are  simply  passing  on  this  report,  as  the  Chair  understands 
it,  that  the  "  henry  "  shall  be  10  to  the  9th  power  absolute  units 
of  inductance.  The  practical  unit,  the  henry,  shall  be  that. 
Now  if  you  want  to  adopt  a  legal  henry,  that  is  something  that 
is  to  come  later.  We  are  not  adopting  a  legal  henry  to  night. 
It  is  simply  the  practical  unit,  in  the  same  way  as  we  define  the 
practical  unit  of  resistance,  of  electromotive  force,  or  current, 
without  assigning  any  positively  known  value  to  it  in  terms  of 
the  resistance  of  a  given  wire,  or  a  given  quantity  of  mercury, 
or  anything  of  that  kind .    It  is  so  many  absolute  units  of  resistance. 

Mr.  Reid: — If  I  may  be  allowed  to  speak  on  this  question — ^a 
great  many  objections  have  been  raised  to  that  report  to-night, 
and  1  should  think  that  the  (committee  would  have  gotten  some 
new  ideas,  and  if  ths  report  is  to  be  adopted  aabiSzeS^^i^l^^i^/iC. 
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not  think  it  would  be  the  best  report  to  adopt.  If  we  are  simply 
going  to  make  the  henry  10  to  the  9th  power  times  the  absolute  unit 
of  inductance,  that  we  are  all  agreed  upon.  But  as  to  the  report, 
it  might  be  changed  somewhat.  Some  of  the  ideas  given  to- 
night could  be  incorporated  in  it,  and  at  least  the  phraseology 
improved — I  do  not  mean  the  English,  but  I  mean  that  some  of 
the  technical  terms  could  be  changed  slightly. 

The  President: — The  question  is  on  the  adoption  of  the 
report. 

Dr.  Hutchinson: — It  seems  your  explanation  is  totally  differ- 
ent from  that  of  the  Chairman  of  the  Committee.  I'he  Chair- 
man of  the  Committee  explains  one  thing,  and  you  say  another. 
It  is  all  mixed  up.  I  think  the  thing  ought  to  oe  entirely  gone 
over  again  and  some  agreement  got  at  between  the  explanations 
of  the  Chairman  and  his  Committee's  report. 

The  Secretary: — ^I  move  that  the  original  resolutions  with  the 
amendments  and  the  suggestions  of  the  Committee,  be  referred  back 
to  the  Committee,  with  mstructions  that  a  new  series  of  resolutions 
be  prepared  and  submitted,  embodying  the  whole  matter. 

[The  motion  was  seconded  by  Dr.  Hutchinson.] 

Dr.  Wheeler: — Does  that  motion  involve  sending  the  matter 
back  to  the  Committee,  to  be  considered  another  month  i 

The  President: — That  is  the  understanding  of  the  Chair — 
that  the  Committee  will  have  no  opportunity  to  report  for 
another  month. 

Dr.  Wheeler: — If  that  is  so,  I  would  say  that  we  have  enough 
gentlemen  here  to-night  that  are  sufficiently  clear-headed  to  com- 
prehend what  we  want  to  put  through,  and  act  on  it  to-night.  I 
would  like  to  call  attention  to  the  fact  that  the  American  Society 
of  Civil  Engineers  have  a  Committee  who  have  made  a  written 
recommendation  on  the  sabject  which  will  be  taken  up  at  the 
annual  convention  to-morrow,  and  will  undoubtedly  be  passed, 
and  if  we  are  not  able  to  pull  ourselves  together  to-night  after 
two  months  consideration,  enough  to  act  on  this  simple  report  of 
the  Committee,  we  will  have  other  engineering  societies  taking 
the  lead  of  us  in  our  own  department.  I  am  a  member  of  the 
committee  of  the  civil  engineers  on  that  subject. 

The  President: — The  motion  is  to  refer  the  matter  back  to 
he  Committee  for  further  consideration  and  report. 

[The  question  was  put,  and  the  Chair  announced  that  it  was  lost.] 

The  President  : — The  question  now  is  on  the  adoption  of  the 
report  as  it  stands. 

[The  question  was  put,  and  the  Chair  announced  the  adoption 
of  the  report.] 

The  President: — The  next  matter  to  come  before  us  is,  I  be- 
lieve the  report  of  the  Committee  on  the  Standard  Wiring  Table. 

[A  motion  to  adjourn  was  carried.] 
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The  experiments  here  reported  were  the  first  serious  efforts 
ever  made  to  at  once  double  railway  speeds,  and  as  such  should, 
I  think,  be  systematically  recorded.  They  were  made  for  the 
Electro- Automatic  Railway  Co.  of  Baltimore,  Md.  This  com- 
pany was  organized  about  four  years  ago  by  Mr.  David  G. 
Weems,  who,  though  not  an  engineer,  was  convinced  that  the- 
electric  motor  would  give  very  high  speeds  for  the  transporta- 
tion of  parcels.  His  persevering  enthusiasm  resulted  in  inspiring 
a  number  of  gentlemen  to  subscribe  money  for  the  venture. 

Mr.  Weems  first  contemplated  having  an  entirely  automatic 
service  from  city  to  city,  the  cars  to  be  smaller  than  would  be 
necessary  for  placing  a  man. 

For  purpose  of  demonstration,  a  circular  track  nearly  two 
miles  in  circumference,  was  laid  at  Laurel,  Md. ;  gauge  28  in ; 
weight  of  rail  16  lbs. ;  shape  T  5  cross-ties  3x4  in.  square,  16  ins. 
apart.  Wooden  stringers  3x4  ins.  were  laid  outside  each  rail, 
serving  as  guards.  Mud-sills  3x4  ins.  were  laid  under  the  ties, 
and  to  the  ties  was  built  up  a  vertical  frame-work  on  both  sides 
of  track,  this  carrying  from  cross-pieces  a  2x6  in.  wooden  stringer, 
suspended  above  the  middle  of  the  track,  while  to  the  lower  sur- 
face of  the  stringer  was  attached  a  small  T  ^\  head  down. 
This  upper  rail  was  intended  to  serve  as  an  electric  conductor, 
and  also,  in  connection  with  upward  pressing  wheels,  as  a  guide. 
The  latter  function  was  not  successfully  performed,  the  lateral 
oscillation  of  the  car,  on  so  slight  a  track,  being  too  great.  Part 
of  the  track  was  on  trestle-work  crossing  a  swamp,  the  overflow 
of  which  caused  frequent  wash-outs.  ug tzed by  vji^v^vlc 
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The  locomotive  was  very  simple.  Three  axles,  carried  28  in. 
wheels ;  on  these  were  hung  a  steel  box,  16  feet  long  x  24  ins.  high 
X  30  ins.  wide.  A  slight  vertical  play  of  the  box  was  provided 
for  by  springs,  but,  horizontally,  the  three  axles  were  in  rigid 
connection.  On  each  of  these  axles  it  was  designed  to  place  a 
motor.  The  head  was  pyramidal ;  the  weight  of  the  car  with 
three  motors  was  about  three  tons.  A  second  similar  box  of  steel 
was  made  to  be  drawn  by  the  motor-car,  the  two  to  be  counnected 
by  a  ball-and-socket  arrangement,  the  interval  between  cars  to  be 
flanged  over  so  that  only  one  surface  should  be  presented  to  meet 
atmospheric  resistance.  The  tail  was  pyramidal.  The  second 
car  was  not  in  use  more  than  once. 

The  track-work  and  cars  were  completed  as  above  outlined 
when  the  matter  was  brought  to  the  Sprague  Electric  Railway  & 
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Motor  Company,  with  the  request  that  they  design  motors  of 
which  the  armatures  should  be  placed  directly  on  the  three  driv- 
ing axles  of  the  car,  the  construction  of  which  was  already  near- 
ly finished.  It  was  further  conditioned  that  the  motors  should 
do  20  horse  power  of  work,  each,  at  a  normal  speed  of  about 
3000  revolutions  per  minute.  This  corresponds  to  a  car-speed  of 
about  250  miles  per  hour.  Needless  to  say,  that  on  so  light  a 
track,  none  of  which  was  straight,  and  with  a  car  weighing  three 
tons,  and  with  only  60  horse  power  available  for  work,  no  such 
speed  was  attained.  The  motors  were  carefully  designed  by  Mr. 
H  F.  Parshall.  of  the  Sprague  Company,  for  a  normal  impressed 
E.  M.  F.  of  500  volts,  and  thoroughly  filled  the  specifications. 
They  were  to  be  connected  in  multiple  across  the  500-volt  circuit 
supplied  with  current  from  a  dynamo  made  by  the  Edison  Ma- 
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chine  Works.  When  the  motors  were  finally  mounted  and  ready 
for  action,  it  was  found  almost  impossible  to  start  the  car,  due 
probably  to  stiff  bearings,  and  when  several  trials  of  speed  had 
been  made,  the  results  were  disappointing. 

Up  to  this  time  the  electrical  work  had  received  only  such 
ouLcineering  attention  as  could  from  time  to  time  be  given  by 
employees  of  the  Sprague  company,  much  occupied  in  other 
ways.  It  became  evident  to  the  Baltimore  company  that  any 
satisfactory  accomplishment  could  be  had  only  through  the  con- 
tinuous attention  of  some  one  having  had  electrical  experience. 

As  Superintendent  of  the  Sprague  company,  1  had  been 
familiar  with  the  manufacture  of  the  motors,  and  had  moreover 
visited  the  plant;  hence  in  October,  1889,  it  was  arranged  that 
further  experiments  should  be  under  my  direction.  Throughout 
the  work  Mr.  B.  J.  Dashiell,  Jr.,  M.  E.  and  Mr  H.  F.  Purdy  of 
the  Sprague  Electric  company  were  of  constant  assistance  both 
in  conception  and  execution  of  all  that  was  done. 

Work  having  been  resumed,  it  was  soon  found  that  a  given 
speed  could  be  attained  with  less  current  if  two  motors  were  in 
service  than  with  three,  and  consequently  the  motor  on  the 
middle  axle  was  removed.  It  seeems  probable  that,  when  run- 
ning, this  middle  motor  was  largely  occupied  in  skidding  the 
wheels  driven  by  it,  since  the  two  outer  axles,  on  a  yielding  track, 
would  doubtless  support  the  greater  part  of  the  weight.  In  any 
case,  the  two  motors  were  able  to  produce  a  greater  speed  than  the 
track  could  stand.  These  machines  were  of  the  (J  type.  The 
armature  was  wound  with  100  sections  of  No.  12  b.  w.  o  wire, 
each  section  of  two  turns.  This  armature,  with  its  commutator 
was  rigidly  mounted  on  the  axle.  The  pole-pieces  were  attached 
to  brackets  centered  on  the  axle,  the  keeper  was  spring-supported 
on  a  cross-piece  carried  by  the  steel  casing.  Bearings  were  of 
phosphor-bronze  and  lubrication  by  oil  from  an  ordinary  cup. 
No  trouble  on  this  score  was  experienced.  Each  magnet  core 
was  wound  with  1'2<)  turns  of  No.  4  b.  w.  g.  wire.  At  30 
amperes  the  armature  induction  was  about  8(V)00  lines  per 
square  inch.  Outline  of  the  motor  is  shown  in  Fig.  1.  These 
motors,  since  wound,  according  to  specification,  for  the  500  volt 
circuit,  were  originally  connected  in  multiple  arc.  This  connec- 
tion was  changed,  they  being  placed  in  series,  thus  diminishing 
the  potential-control,  required  at  the  station,  by  reason  of  the 
fact  that  the  machines  were  run  at  a  speed  so  much  below  that 
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To  supply  the  current,  contact  was  made  between  the  upper 
rail  and  brushes  of  sheet  copper  set  against  the  rail  by  springs. 
These  served  their  purpose  well.  The  return  circuit  was  through 
the  wheels  and  rails,   the  steel  casing  being  insulated  from  the 


axle  by  fibre  plates  and  washers  at  joints  and  bolts.  Kail  bonds 
(covering  joints  in  upper  and  lower  rails)  were  used  throughout ; 
the  resistance  of  the  external  circuit  from  the  feeder  junction  to 
a  point  diametrically  opposite  was  about  0.26  ohm. 

The  station  was  placed  inside  the  circle,  about  200  feet  from 
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the  track.  The  generator  was  a  70  horse  power  Edison  machine, 
not  compounded  originally,  and  was  driven  by  a  90  horse  power 
high-speed  Ball  engine.  At  first  a  wire  resistance  of  about  12 
ohms  was  used  to  lower  the  potential  on  the  line,  as  it  was  not 
convenient  to  run  the  dynamos  at  less  than  400  volts.  Later,  a 
whisky  barrel  was  filled  with  water,  an  iron  plate,  8  inches 
square  was  placed  in  the  bottom,  a  similar  plate  was  fixed  to  the 
end  of  an  iron  rod  and  this  rod  attached  to  the  pulley  permitting 
easy  lifting  or  dropping  of  the  plate  through  the  water.  These 
plates  being  connected  in  the  main  circuit,  a  very  serviceable 
liquid  rheostat  resulted,  which,  when  "  taken  with  a  grain  of 
salt,"  answered  excellently  the  purpose  of  regulating  currents 
which  often  went  as  high  as  150  amperes. 

The  usual  course  of  a  run  was  this.  Speed-observers,  as  many 
as  could  be  had,  up  to  five  or  six,  were  stationed  around  the 
circle,  distance  apart  being  known.  Watches  of  these  observers 
and  of  recorders  who  read  current  and  potential  were  compared. 
Potential  readings  were  taken  at  station  and  at  one  or  two  points 
on  the  line,  permitting  easy  reduction  to  horse  power.  Mr. 
Dashiell,  my  assistant,  then  took  the  engine  and  I  managed  the 
dynamo.  A  current  of  from  20  to  40  amperes  usually  started 
the  car.  The  size  of  the  armature  wires  limited  to  about  90 
amperes — 45  in  each  machine,- — the  current  permissible  for  any 
length  of  time.  This  value  was  usually  attained  in  the  first  half 
mile  of  run,  a  considerable  part  of  the  external  resistance  having 
been  cut  out.  When  the  car  had  attained  a  speed  of  75  to  100 
miles  per  hour,  the  line  potential  was  in  the  neighborhood  of 
450  volts,  the  iron  plates  in  the  barrel  being  in  contact,  having 
been  slowly  approached  as  the  counter  e.  m.  f.  increased.  The 
time  limitation  of  the  runs,  was  invariably  caused  by  failure  of 
the  track  to  serve  its  purpose.  On  three  occasions  the  car  left 
the  track ;  once  at  45  miles  per  hour,  once  at  80  miles  per  hour 
and  once,  the  last  time,  at  about  115  miles  per  hour.  Curiously 
enough,  on  the  two  former  occasions  the  derailment  was  to  the 
inside  of  the  circle,  super-elevation  being  about  four  inches. 

It  was  easy  to  tell  in  the  station  when  a  derailment  was  im- 
minent, as  the  ammeter  was  most  violently  agitated  by  the  make 
and  break  of  the  circuit  caused  by  the  particularly  bad  spots  in 
the  track.  The  agitation  increased  with  each  trip  round  the 
circle  and  ended  in  a  run-off,  or,  after  some  experience  had  been 
gained,  in  a  cessation  of  the  trial.    As  the  track  limited  the 
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length  of  ran  in  time,  bo  also  it  limited  the  speed  obtainable. 
Each  trial — the  longest  being  about  twenty-two  minutes  consecu- 
tive running — was  followed  by  an  overhauling  of  the  tracks 
requiring  from  a  few  hours'  to  a  week's  work  by  four  or  five  men. 
Could  the  experiments  have  been  made  on  a  road-bed  and 
track,  deemed  even  second-class  according  to  steam  railway 
standards  of  rail-weight,  etc.,  there  can  be  no  question  that  with- 
out any  other  change,  the  car  could  have  maintained  for  several 


Fig.  8.    Half  End  Blevation. 


hours  a  speed  of  120  miles  per  hour.  Indeed,  I  know  of  no 
time  limitation  that  would  have  arisen  save  that  from  a  limited 
oil  supply. 

The  speed  obtained  in  the  first  round — that  is  in  the  first  9,240 
feet — varied  from  30  to  75  miles  per  hour ;  this  determined  by 
the  management  of  the  rheostat.  The  rate  of  acceleration  from 
point  to  point  in  going  round  the  circle  was  irregular,  due  to  the 
grades,  which  going  in  the  direction  usually  followed,  varied 
from  2.0  to  2.5  per  cent. 

The  fact  that  the  track — always  bad — went  rapidly  from  bad 
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to  worse  during  each  run,  made  it  diflScult  to  analyze  the  records 
with  a  view  to  determining  the  true  coeflScient  of  traction.  More- 
over the  coefficient  for  such  a  track,  even  in  its  best  condition, 
would  be  greater  than  for  the  track  that  would  necessarily  be 
built  for  actual  service.  The  figures  obtained  were  of  little 
worth  as  far  as  fixing  absolute  values  at  very  high  speed,  but  at 
least  served  to  show  the  error  of  many  train  resistance  formulae 
found  in  the  text-books.  Some  of  these  formulae  give  good 
enough  results  when  used  for  the  low  speeds  on  which  they  are 
based,  but  their  algebraic  form  is  such  as  to  give  rise  to  great 
error  when  higher  speeds — say  80  to  120  m.  p.  h. — enter.  This 
whole  matter  of  train  resistance  has  been  more  fully  treated  in  a 
paper,  "Limitations  of  Steam  and  Electricity,"  read  by  me  before 
this  Institute  on  May  21,  1890.  The  particular  element  of 
atmospheric  resistance,  for  which  special  experiments  were  made 
at  Laurel,  was  fully  treated  in  a  paper  read  by  me  before  the 
West  Point  Branch  of  the  Military  Service  Institute,  and  pub- 
lished in  London  Engineering,  issues  of  May  31  to  June  13, 1890. 
Using  for  atmospheric  resistance,  figures  resulting  from  the 
experiment  herein  referred  to,  we  may  analyze  thus : 

EuN  OF  October,  1889,     Flat  Headed  Cab. 


Time  of  Ist  round,  3.8  minutes.    Av.  speed  —  2480  f.  p.  m.  —  28  m.  p  h. 

*•      "3d      "       2  8        ••  *  —  8300  r.  p.  M.  —  37.4  M  p  H. 

Average  rate  of  work  done  by  motors  in  2d  round  — 15.0  h.  p.  495.000  ft.  lbs. 
Average  horizontal  effort  in  2d  round  —  495.000  -~  3,800  —  150  lbs. 

**  **  '*      **   **      **      for  atmospheric  resistance  —  80  lbs. 

'*      "   **      •'        **  acceleration (approx.)  —  10  lbs. 
"      "   '*      •*        "  other  resistances  — 110  lbs. 
•*      "  **      "    per  ton  —  110 -^  2  4  —  46  lbs. 

Run  of  Nov.  13th,  '89.     Flat  Head. 


Time  of  Ist  round,  —  4.25  minutes.    Av.  speed  —  2170  p.  p.  m.  —  24.7  m.  p.  h. 

'«      •'2d      *'      —2.5        "  **  —  8700  P.p.  M. —42.0  m.  p.  H. 

••      ••  8rd    '•      —  2.5        "  **  —  8700  p.  p.  m.  —  42.0 m.  p.  m. 

Av.  rate  of  work  from  middle  of  2d  to  middle  of  8rd  rouna  — 15.5  h.  p.  —  511,600 

ft  lbs. 
Average  horizontal  effort  —  511,500  -^  3700  —  188  lbs. 
**  •*  "    for  atmospheric  work  —  86  lbs. 

"  .«      ««  acceleration  —  0  lbs. 

"      "  other  work— 102  lbs. 
••    per  ton  -«  lOi  -^  24  —  42.5  lbs.  ^  j 
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Run  of  Nov.  13th,  '89.     Pyramidal  Heaj)£d  Cab. 


Time  of  Isl  round  —  4.0  minutes.    Av.  speed  —  2410  p.  p.  m.  —  26.2  m.  p.  h. 

•  2d              —2.0        •'             *        *•     —4620  —52.4 
'       8rd     •*      —2.26 —8678        '       —41.8 

•  4tli     •*      —2.26 —    *'  ••       —    • 

.     5th     "      —   '*         •*  "     —    *'  •        —    •• 

•*     6th     •*      —    '*         ••  "        '•     —    •'  *        —    •• 

Average  rate  of  work  in  last  four  rounds  —  16.0  h.  p,  —  628,000  ft.  lbs 
*'      horizontal  effort  —  528,000  -£-  8678  —  144  lbs. 
••for  atmospheric  work  —  24  lbs. 
**      '•  acceleration  —  0  lbs. 
•       '•   other  work  —  120  lbs. 
"  per  ton  —  120  -^  2.4  —  "iO  lbs. 

Run  of  Dec.  3d,  '89.     Pykamidal  Headed  Cak. 


Time  of  Ist  round  —  4.8  minutes.    Av.  speed  —  2070  f.  p.  m.  —  28.5  m.  p.  h. 

"      2d      "      —1.51      **  *'         —6120       '*        —70.0       " 

Average  rate  of  work  in  2d  round  —  41  h.  p.  —  1,358,000  ft  lbs. 

*•      horizontal  effort  —  1,853,000  -^  6120  —  221  lbs. 


'  *    for  atmospheric  work  —  88  lbs. 

'•     •*  acceleration      '*     —  42  •*  80 


*    other    work    221  —  80  —  141  lbs. 

**     *'    ton  —  141  -T-  2.4  —  58.7  lbs. 

The  highest  speed  attained  in  this  run  was  90 — 95  m.  p.  h. 
track  was  very  bad,  car  derailed. 

Run  of  December,  1889.     Wedge  Headed  Car. 


Speed  maintained  at  100  m.  p.  h.  with  rate  of  work  =-  44  h.  p. 
Moreover,  some  work  of  acceleration  was  done,  but  records  do 
not  permit  accurate  determination  of  this.     Omit  acceleration, 

and  we  have : 

Average  speed  —  8,800  p.  p.  m.  —  100  m.  p.  h. 

*•     horizontal  effort  —  44  x  83.000  -f-  8,800  —  165  lbs. 

"  ••  '*     for  atmospheric  work  —  48  lbs. 

**  *'  **       **  other  work  —  117  lbs. 

**     per  ton  —  1 17  —  2.4  —  48  lbs. 

Highest  speed  attained  this  run  =  110  to  120  m.  p.  h.     Track 
better  than  in  last  run,  but  car  was  derailed  at  maximum  speed. 

These  values,  46.0,  42.5,  50.0,  58.7  and  48.0  lbs.,  should  be 
corrected  for  curvature,  making  them,  30.7,  28.4,  33.4,  39.1,  and 
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32  lb«*.  reppectively.  Other  and  lower  values  were  obtained  when 
the  track,  as  at  tirst,  was  in  better  condition.  But  these  earlier 
runs  were  not  recorded  in  exact  figures  The  rails  were  in  all 
cases  rusty. 

The  maximum  speed — that  of  final  derailment,  ^ven  above, 
could  not  be  absolutely  determined,  since  the  oar  left  the 
track  at  some  distance  from  the  last  two  observers,  whose 
time  records  gave  the  speed  attained  between  the  points  of  obser- 
vation. It  was  clear  however  that  the  final  speed  was  between  110 
and  120  miles  per  hour.  A  length  of  1000  ft.  of  track  was  in- 
jured, about  800  ft  of  the  upper  framework  wrecked,  and  the 
car  itself  was  landed  about  30  ft.  from  the  track,  having  finally 
jumped  the  guard  mils  while  going  over  a  fill  4  or  5  ft.  high  It 
seemed  clear  that  the  Laurel  plant  had  passed  its  days  of  useful- 
U'iss.  Nothing  further  of  value  could  be  done  without  practical 
rebuilding.  It  was  then  time  to  make  new  plans,  and  this  work 
was  at  once  begun  by  Mr.  Dashiell  and  myself.  At  the  outset  I 
felt  that — ^if  for  no  other  than  commercial  reasons— we  should 
plan  for  the  carrying  of  passengers  as  well  as  parcels.  This 
meant  an  increase  in  the  size  of  cars  and  a  change  from  an 
attempt  at  automatic  control,  to  control  by  human  intelligence  on 
the  locomotive. 

For  purposes  of  demonstration  I  proposed  to  the  company  that 
they  should  build  a  track  about  four  miles  (not  less)  in  circum- 
ference and  should  run  thereon  a  train  of  two  or  three  cars  drawn 
by  one  locomotive.  Calculations  were  based  on  the  following 
data: 

(1)  A  speed  160  miles  per  hour  on  a  level  was  to  be  aimed  at. 

(2)  Cross-section  of  car  should  be  a  minimum  consistent  with 
the  seating  of  passengers.  This  was  taken  at  6  ft.  by  5  ft.,  30 
sq.  ft.  (crowning  higher  along  middle  of  car.) 

(3)  Gauge  of  track  should  be  standard — 4' — 8.5" 

(4)  Character  of  track  should  be  simply  the  best  that  art  could 
contrive,  rails  to  be  from  65  to  90  lbs. 

<5)  Electro-motive  force  should  be  as  high  as  the  art  of  insula- 
tion would  permit. 

(H)  Whatever  might  be  the  number  of  cars  in  a  train,  all  were 
to  be  so  connected  as  to  present  a  continuous  exterior,  thus  pre- 
senting only  one  cross-section  to  the  atmosphere. 

(7)  Atmospheric  resistance  at  150  miles  per  hour  would  be 
taken  at  15  lbs.  per  square  foot  of  cross-section,  a  wedge  or  par_ 
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abolic  locomotive  head  being  ueeH.  This  value  is  50  per  cent, 
in  excess  of  that  indicated  by  our  experiments. 

(8)  Traction  coefficient,  exclusive  of  air  resistance,  would  be 
taken,  at  150  miles  per  hour,  to  be  25  lbs.  per  ton — this  for  rea- 
sons set  forth  in  previous  papers. 

From  the  two  resistance  coeflScients  just  given,  it  followed 
that  for  every  square  foot  of  cross-section,  regardless  of  weight, 


Fio.  8. 

6  horse  power  would  be  required,  and  for  every  ton  of  weight, 
regardless  of  cross-section,  10  horse  power  must  be  supplied. 

For  a  locomotive  of  about  600  horse  power  having  3<»  ft.  cross- 
section  the  dead  weight  was  calculated  to  be  about  18  tons. 
Steel  cars  of  equal  cross-section  were  designed,  weighing,  empty, 
about  5  tons,  with  carrying  capacity  of  about  5  tons. 

The  important  question  as  to  power  required  could  then  be 
thus  tabulated :  ^  j 
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150  m.  p.  h.  120  M.  p.  H. 

LfOcomoiive  alone 3(M)  h.  p.  288  h.  p. 

Locomotive  and  one  car  loaded 46^i    **  869    *' 

Locomotive  and  two  cars  loaded     560    "  446    " 

Locomotive  and  three  cars  loaded 660    *'  528    " 

To  perform  the  work  here  indicated  two  motors  were  pro- 
vided, one  armature  directly  on  each  of  the  two  axles  of  the 
locomotive  car.  These  motors,  outlined  in  Figs.  2,  3, 4,  5,  were  of 
the  Manchester  type.  They  were  supposed  to  be  at  first  connected 
in  arc  across  a  1 500-volt  circuit,  each  taking  about  130  to  150 
amperes  and  delivering  about  250  to  300  horse  power.  Should 
it  be  desired  to  experiment  with  higher  line  potential,  the  motors 
in  series  would  permit  3,000  volts  to  be  easily  tried.  The  arma- 
tures of  the  Gramme  type  are  30  ins.  outside.  23  ins.  inside  diam- 
eter. The  armature  conductors  were  to  be  of  about  40,000  cir- 
cular mils,  cross-section,  or  from  5(»0  to  600  cm.  per  ampere. 
Many  successful  machines,  designed  to  work  indoors,  go  as  low 
as  this  figure,  and  since  the  dissipation  of  heat  must  in  such  case 
proceed  more  slowly  than  in  the  case  here  considered,  the  figure 
seemed  very  safe.  Moreover,  it  was  intended  to  introduce  a 
blast  of  air  from  the  car  front  which  should  continuously  flow 
through  the  open  centre  of  the  armature  (Gramme  type).  How 
far  the  rate  of  dissipation  would  be  cai'ried  by  such  means  can 
not  now  be  known,  but  all  recent  evidence  (see  experiments  of 
Mr.  Kennelly)  goes  to  show  that  the  heat  capacity  would  be 
much  increased. 

The  cross-section  of  core  in  the  armature  was  3.5''  x  40"  -=  140 
square  inches  gross,  or,  deducting  15  per  cent,  for  paper  insula- 
tion between  discs,  and  8  per  cent,  for  conductor  slots  cut  in 
periphery,  110  square  inches  net.  Through  this  armature  it  was 
desired  to  force  22,000,000  lines  (c.  o.  s.  units)  or  100,000  per 
square  inch  —  15,200  per  square  centimeter. 

The  hysteresis  loss  in  such  an  armature  revolving  at  1200 
B.  p.  M.  (equivalent  with  42  inch  wheel  to  150  m.  p.  h)  was  cal- 
culated to  be  about  3.000  watts — following  the  curve  published 
by  Esson.  The  C^  R.  loss  {C  =  135  amperes,  R  —  0.26  ohms 
when  T  75°  C)  =  4740  watts,- or  about  8000  watts  for  the 
two  losses.  I  found  it  difficult  to  obtain  such  coefficient  as 
would  give  reliable  values  for  loss  due  to  Foucault  currents. 
With  very  thin  plates  it  would  not  be  large.  From  what  pre- 
cedes, it  followed  that  the  number  of  armature  conductors  should 
be  340.     These  were  divided  into  170  8ection8j^|g^9jy^4j6vW^C 
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layer,  each  conductor  to  lie  in  a  slot ;  both  slot  and  conductor 
were  planned  to  be  rectangular,  or  nearly  so,  with  the  reservation 
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The  magneto  have  a  cross-section  of  164  square  inches  through 
which  14,300,()u0  lines  of  force  must  pass,  the  increase  from  the 
number  in  the  armature  being  determined  by  a  leakage  coefficient 
1.  3.  *  ' 

The  magnet  coils  of  the  two  armatures  were  calculated  to  be 
in  series  with  each  other,  but  in  shunt  with  respect  to  the  two 
armatures.  Th»s  variation  from  present  street  car  practice  I 
thought  to  be  justified  by  the  following  considerations :  First, 
no  system  of  commutation  could  obviate  the  need  of  a  consider- 
able external  resistance,  which  then  could  be  easily  made 
sufficient,  within  itself,  for  speed  control ;  second,  the  maximum 
torque  for  a  given  armature  current  is  always  desirable  and  can 
be  best  obtained  by  permanent  saturation ;  third,  this  constant 
and  maximum  magnetization  would  tend  to  diminish  sparking — 
an  evil  to  be  specially  avoided  in  long  distance  work,  involving 
continuous  runs  of  several  hours. 

While  it  was  thus  intended  to  use  shunt  coils  at  fir.  t,  I  felt 
that  a  little  experience  would  soon  positively  demonstrate  that 
the  advantage  lay  with  this  or  the  series  winding. 

The  commutator.  Fig.  5,  was  designed  to  be  23  inches  in 
diameter,  which  would  of  course  give  rise  to  a  very  high  speed 
relative  to  the  brushes.  I  believed  it  better  to  face  the  me- 
chanical trouble  that  might  be  connected  with  great  circumfer- 
ential speed  rather  than  to  diminish  the  diameter  by  decrease  of 
sections,  since  this  in  turn  might  produce  sparking. 

Without  going  into  the  mechanical  detail  of  the  commutator, 
I  may  add  that  a  single  bar  could  be  taken  out  or  replaced,  with- 
out removal  from  the  shaft. 

The  rheostat  for  the  armature  circuit  was  designed  to  be  of 
iron  wire,  with  the  expectation  however  of  experimenting  also 
with  liquid  or  carbon  resistance.  The  resistance  and  heat 
capacity  of  this  main  line  rheostat  were  determined  with  refer- 
ence, first,  to  current  necessary  for  starting,  second,  to  currents 
needed  for  maintaining  low  speeds.  The  starting  current  on 
practically  level  track  was  calculated  to  be  from  300  to  400 
amperes,  the  load  being  8(V'<*0  lbs.  (or  locomotive  and  three 
loaded  cars.)  For  continuous  running  at  30  miles  per  hour,  a 
current  of  40  amperes  would  be  required,  the  counter  e.  m  f.  of 
each  of  the  1500-volt  motors  being,  at  this  speed,  only  32o  volts. 
The  line-potential  being  3,000  volts,  it  would  be  necessary  to 
have    in    the    armature    circuit    an    extem%fg,^,2|'^i^55i;g,wg| 
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59.0  ohms  =  -      ~       .     The  wires  were  calculated  to  stand  40 

amperes  continuously,  and  the  various  sections  were  proportioned 
to  stand  various  currents  for  such' time  as  would  serve  to  bring 
the  train  up  to  speed.  It  was  of  course  known  that  a  consider- 
able reduction  in  the  size  of  resistance  box  could  be  effected  by 
winding  the  motors  for  the  regular  line  potential,  thus  normally 
working  them  in  arc,  but  putting  the  armatures  in  series  where 
a  great  reduction  in  speed  might  be  required. 

A  small  rheostat  and  a  condenser  were  designed  to  be  placed 
in  the  circuit  of  the  magnet  coils,  and  a  rheostat  also  in  the  lamp 
circuit,  these  resistances  giving  delicate  control. 

The  problem  of  retardation  for  a  mas^  of  say  4:0  tons  running 
at  160  miles  per  hour  is  a  serious  one.  The  Galton  and  West- 
inghouse  tests  indicate  a  very  low  value  for  the  coefficient  of 
friction  between  brake-shoe  and  wheel,  at  high  speeds ;  they 
report  it  in  some  cases  at  60  m.  p.  h.  as  low  as  0.04.  As  however 
it  rapidly  increases  at  lower  speeds,  an  average  of  0.1  may  be 
taken.  The  total  retarding  effort,  i.  e.,  brake  resistance  and  track 
and  atmospheric  resistance  must  be  kept  below  that  which  will 
just  produce  sliding  of  the  wheels,  and  the  coefficient  of  sliding 
may  be  taken  on  an  average  at  i).08  of  the  weight  of  the  wheels. 
If  then  we  represent  by  P  the  maximum  allowable  brake  pres- 
sure on  the  wheels,  by  li  resistances  other  than  brake  friction,  and 
by  W  the  weight  on  braked  wheels,  we  may  write  the  following 
inequality :  0.1  P  +  R  <0.08  W. 

The  value  of  P  should  be  determined  as  that  which,  with  a 
small  margin  will  satisfy  this  condition  of  inequality. 

Following  this  calculation  it  was  found  that  a  brake-pressure  of 
about  5,OuO  lbs.  should  be  applied  to  each  wheel.  This  was  de- 
signed to  be  produced  by  magnetic  brakes  similar  to  those  used 
by  Mr.  Daft  on  the  New  York  Elevated  Eailway.  The  form 
and  approximate  dimension  of  those  brakes  are  shown  in  Fig.'  6. 

A  mass  of  80,000  lbs.  moving  at  150  miles  per  hour  represents 
64,000,000  foot-pounds  of  energy.  Average  resistance  due  to 
brakes  =  0.1  x  60,000  —  6,000  lbs.  Average  resistance  from 
track  and  atmosphere  for  average  speed  of  75  miles  =  400  lbs. 

In  addition,  the  motors  may  be  required  to  generate  a  current 
which  shall  be  wasted  over  the  rheostat.  Since  the  field-circuit 
in  the  case  of  shunt-motors,  is  independent,  magnetization  may 
remain  constant,  and  average  e.  m.  f.  of  1500-volt  motors  (i.  e., 
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motoi-8  generating  1500  volts  e.  m.  f.  at  1100  r.  p.  m.  or,  with  42^ 
wheels,  at  150  e.  m.  f.  )  would  be,  while  the  train  was  coming  to 
rest,  750  volts.  Make  the  external  resistance  such,  that  the  two 
armatures  being  in  series,  an  average  current  of  200  ariiperes 
shall  flow.  Then  avei-age  dynamo  resistance,  in  lbs.  =  2000. 
Total  retarding  effort  ==  6000  +  400  +  2000  ^  8400  lbs. 
Dividing  64,000,000  by  this  last  quantity  we  have  7620  ft  as  the 
length  of  run  to  come  to  a  stop,  and  the  time  of  stopping  about 
100  seconds. 

For  the  mechanical  construction  of  the  locomotive,  two  plans 
were  contemplated.  One  has  a  12-foot  rigid  wheel  base  and  no 
pilot  wheels ;  the  other  has  a  7-foot  wheel  base  for  the  drivers 
and  a  pony-axle  in  front,  free  to  move  laterally  over  a  certain 
distance,  dragging  the  drivers  in  the  same  direction.  This  is  the 
general  principle  of  pilot-wheels,  so  largely  used  on  high-speed 
engines.  This  second  arrangement  is  preferred.  In  it  nearly  all 
the  weight  goes  on  the  drivers.  In  this  particular  case,  total 
weight  of  locomotive  is  about  18  tons,  each  motor  being  six  tons. 
Of  the  total,  15  tons  rests  on  the  drivers.  If  then  the  adhesion- 
coefficient,  while  running,  be  taken  at  only  0. 1,  a  circumferential 
effort  of  3000  lbs.  may  be  exerted  without  slipping  the  wheels. 
This  is  safe,  since  if  600  h.  p.  of  work  be  required  at  150  miles 

per  hour— 132,000  f.  p.  m.,  the  horizontal  effort= — TTToTik — ^^ 

1500  lbs.  For  starting  the  load,  adhesion-coefficient  may  be 
taken  at  .25,  giving  7500  lbs.  possible  pull,  this  being  much  in 
excess  of  the  value  required. 

The  locomotive  constioiction  is  such  as  to  put  the  entire  weight 
of  the  armature  directly  on  the  axle.  In  designing  this,  I  did  not 
overlook  the  fact  that  the  armature  must  thus  be  subjected  to 
much  jarring.  But  I  believe  the  difficulty  should  be  met  by 
excellent  mechanical  construction,  rather  than  that  spring  move- 
ment should  in  any  way  be  attempted.  For  mechanism  that 
shall  succeed  in  high-speed,  long-time  service,  simplicity  is  a  re- 
quirement of  the  first  order.  Indeed,  generally,  in  this  work 
of  connecting  an  electrical  motor  to  any  vehicle,  I  have  long  felt 
that  he  who  is  over-ingenious  in  contriving  many  parts  and  fine 
adjustments,  may  not  be  over-successful. 

The  weight  of  the  magnets  ajd  pole-pieces  goes  also  directly 
on  the  axles,  save  for  the  intervention  of  rubber  plates  having  a 
maximum  play  of  1-16  of  an  inch.     By  the  u4e  of  motors  of  the 
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"  U  "  *yp®9  V^^  ^^  *'^®  weight  might  be  spring-supported,  but  on 
the  other  hand  it  is  not  as  easy  with  that  type,  as  with  the  Man- 
chester, to  obtain  a  perfectly  sparkless  motor.  Moreover  the 
wj'ifijht  going  dead  on  the  axles  in  the  case  considered,  is  not 
greatly  in  excess  of  that  due  to  8-foot  drivers  and  other  attach- 
m  jnts  of  large  steam  locomotives.  Further  the  need  of  any  spring 
movement  decreases  with  increa>ing  perfection  of  track-work ; 
as,  in  ideally  perfect  track,  car-springs  would  not,  save  on  curves, 
come  into  play. 

In  the  first  design  of  locomotive  cars,  the  operator  is  to  sit 
between  the  two  motors,  where  also  would  be  placed  the  control- 
ling devices.  In  the  second  design,  the  operator  would  be  placed 
over  th3  pony-axle,  the  devices  being  chiefly  in  the  cylindrical 
or  parabolic  head. 

Detailed  drawings  of  freight  and  passenger  cars  were  com- 
pleted, but  need  not  here  be  referred  to. 

As  to  the  supply  of  current,  it  is  proposed  to  use  the  double 
metallic  system.  This  departure  from  the  ground  return  now  so 
commonly  employed  in  street  railway  work  seems  justified  by 
the  following  considerations : 

1st.  For  a  given  voltage  it  diminishes  the  cost  of  insulation, 
per  se. 

2d.     It  diminishes  the  danger  of  accident  witliin   the  motors. 

3d.     It  diminishes  danger  of  accident  to  workmen. 

4th.  By  being  thus  more  easily  handled  it  is  prohable  that  a 
higher  voltage  will  be  found  practicable  than  with  the  ground 
return  ;  hence  in  fact  even  first  cost  might  not  be  greater. 

As  designed,  the  conductors  will  be  placed  in  an  inverted 
wooden  trough,  attached  to  posts  placed  at  12  foot  intervals  on 
each  side  of  the  track.  The  trough  to  be  about  5.5  feet  above 
the  ground.  The  conductors  for  each  side  of  tlie  circuit  to  be 
two— one  insulated  and  continuous;  the  other  a  bare,  fiat  strip, 
broken  into  sections,  these  being  normally  out  of  circuit ;  the 
locomotive  trolley-arm  operating  a  switch  which  shall  throw  out 
the  rear  section  and  throw  into  circuit  the  section  ahead.  Such 
a  switch  was  designed  in  detail. 

As  to  what  the  line  voltage  should  be,  progress  in  the  art  of 
insulation  can  alone  determine.  It  would  of  course  not  be 
necessary,  on  a  roadway  for  long  distance  travel,  to  consider  the 
death-producing  voltage  as  a  limitation. 

In  the  important  matter  of  limiting  curvatures,  calculations 
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were  made  in  the  ordinary  way,  using  the  particular  values  for 

weight  and  height  of  center  of  gravity.     A  safe  speed  was  then 

tabulated  as  that  which  is  just  one  half  the  speed  that  causes  the 

resultant  of  weight  and  centrifugal  force  to  pass  through  the 

outer  rail  of  a  curve.     The  beneficial  effect  of  superelevation, 

neglected  in  the  calculation,  would,  of  course,  practically  increase 

the  factor  of  safety. 

The  following  table  resulted  from  method  described : 

Radius  in  feet.  Safe  speed,  by  rule  above, 

in  miles  per  hour. 

1,000 71 

2.006 98 

8,000 120 

4,000 140 

5,000 158 

6,000 172 

7,000 187 

8,000 198 

Of  course,  naught  save  practical  trial  could  determine  whether 
the  assumed  factor  of  safety,  which  is  quite  large  enough  at 
present  speeds,  would  in  fact,  be  right  for  the  higher  speeds 
aimed  at. 

Commercial  Aspects. 

Copper  calculations  were  made,  based  on  a  station  potential  of 
3000,  and  also  of  6000  volts,  stations  being  50  miles  apart  (thus 
supplying  current  25  miles  on  each  side)  and  on  a  service  re- 
quiring one  train  on  each  25  mile  section,  the  drop  on  the  line 
being  SS^  of  station  potential.  Then  for  a  line  of  1000  miles,  as 
from  New  York  to  Chicago,  with  copper  at  15  cts.  ])er  lb.,  and 
for  3000  volts  initial : 

Cost  of  conducting  system,  including  frame- work  -        -  — =  $7,000.00  per  mile. 
"      station  per  mile,  including  steam     -        -        -      =-    8,000.00        " 
•*      double  track,  includinj?  depots,  etc.      -        .     .    =  55,000.00        ** 
train  equipment.  8  cars  eacb ,  50  trains  and  engines,  =-    1 ,000. 00        * ' 

Total  per  mile,  $66,000.00 

In  this,  the  cost  of  track  construction  is  based  on  road-bed  figures 
reported  for  the  Erie  Railway  Co.  To  arrive  at  operating 
expenses,  suppose  20  trains  each  way  each  day,  and  a  schedule  of 
125  miles  per  hour,  i,  e,  8  hours  for  the  trip.  Suppose  a  station 
development  of  800  h.  p.  per  train  on  the  line,  or  64,000  h.  p. 
hours  per  trip.  In  stations  of  large  capacity  working  under  the 
supposed  conditions,  the  cost  of  one  ii.  p.  hour  —  0.90  cent  (see 
tables  in  previous  paper  "Limitations  of  Steam  and  Electricity")^ 
or  per  trip,  for  power  a  cost  of  |57.60.     For  train  men,  suppose 
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two  men  on  each  train,  and  one  per  train  in  reserve,  and  suppose 
$3.00  per  man  per  trip  of  8  hours,  then,  cost  per  ti-ain  trip  =  3 
X  3  ^ —  $9.00.     Interest  charge  per  train  trip 

$66,000,000  X  0.05  -  365  X  40  =  $225.42 

For  maintenance  of  way  (see  Wellington's  Statistics,)  take  $1,000 
per  mile  of  double  track  per  amium,  or  per  day  for  supjjosed 
line  $2,700.00  per  trip  or  2700  —  40  =  $67.50.  For  general 
expense  of  operating  company,  suppose  $1,000.00  per  day — or 
per  train  trip  $25.00.  For  wear  and  tear,  oil,  etc.,  on  train  itself, 
take  $10.00  per  trip.  Then  total  =  56.60  +  9.00  +  225.42  + 
67.50  +  25.00  +  10.00  =  $394.42. 

For  receipts : 

Suppose  average  train  be  of  two  cars,  (such  as  designed)  hav- 
ing each  a  capacity  of  about  10,000  lbs.  freight  (considered  such 
as  express  and  mail  matter),  or  of  say  15  passengers.  Suppose 
average  train-load  of  freight,  15,000  lbs.,  of  passengers,  20.  Take 
freight  at  33  cents  per  cwt.,  passengers  at  $25.00.  The  income 
per  trip  in  either  case — $500.00,  showing  profits,  over  fixed 
charges,  of  say  $100.00  per  trip,  or  $4000.00  per  day.  The  total 
daily  load  of  freight,  each  way,  required  to  justify  the  service 
above  treated,  is  300.000  lbs.,  or  if  200  through  passengers  be 
carried,  {i,  e.  ten  trains  for  passengers  each  way  each  day)  then 
only  150,000  lbs.  of  freight.  The  present  movement  between 
New  York  and  Chicago,  in  mail  and  express,  is  not  far  from  this 
figure.  A  five-hundred  mile  line,  connecting  IJoston,  New  York, 
Philadelphia,  Baltimore  and  Washington,  would  be  even  more 
profitable.  It  is  to  be  remembered  also  that  a  service  of  small 
trains  is  contemplated,  making  fixed  charges  relatively  very  large. 
Much  larger  trains  could  be,  and  I  think  will  h(\  run  at  the  speeds 
here  considered,  but  1  have  supposed  that  the  smaller  eflFort 
would  precede  the  larger.  It  is  further  to  be  noted  that  the  use 
of  6,000  volts  potential,  and  the  extension  of  some  existing  road- 
way instead  of  the  building  of  a  new  one,  would  diminish  first 
cost.  As  grade-crossings  would  be  out  of  the  <|uestion,  and  as 
cities  would  require  to  be  entered  above  or  below  the  surface 
(country  roads  to  be  carried  over  on  bridges)  it  is  perhaps  best 
to  consider  only  the  largei*  figure  already  used. 

To  demonstrate  all  or  nearly  all  that  has  been  outlined  in  this 
paper  will  cost  about  $300,0(iO,  covering  the  construction  and 
operation  for  a  reasonable  time,  of   the  four-mile  circular  line 
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proposed  above.  Last  year  the  Baltimore  company  met  unex- 
pected difficulty  in  efforts  to  raise  the  needed  money ;  their 
operations  were  suspended  and  my  connection  with  them  ceased 
just  at  the  time  when  plans  were  completed — even  to  working 
drawings.  I  have  been  much  pleased  to  learn,  within  the  last 
few  days,  that  far  from  being  discouraged,  they  are  now  con- 
fidently hoping  that  they  may  push  on,  in  the  near  future,  the 
great  work  to  which  they  have  laid  their  hands. 

Unfamiliar  as  is  the  project,  you  will  perhaps  be  the  more  ready 
to  share  the  confidence  of  its  promoters,  on  hearing  the  words 
from  Prof.  Henry  A.  Rowland  and  Dr.  Louis  Duncan,  of  Johns 
Hopkins,  to  whom  were  submitted,  last  spring,  full  details  of  the 
plans  partially  described  in  this  paper.  After  reviewing  the  figures 
for  power  required,  they  say  : 

"  We  believe  from  the  data  obtained  that  the  values  given 
are  not  too  low,  and  that  the  horse  power  which  Mr.  Crosby 
calculates  is  not  less  than  the  amwunt  required.  While  we  have 
investigated  carefully  and  considered  all  the  data  obtainable, 
yet  the  existing  experiments  are  not  sufficient  to  accurately 
fix  a  limit  to  the  tram  resistance.  We  believe^  howei^er^  that  the 
value  assumed  hy  Mr,  Crosby  is  safeP 

"  The  motors,  the  calculations  and  drawings  for  which  are  in 
the  appended  statement,  will  develop  the  horsepower  for  which 
they  are  designed,  namely  500  horse  power.  We  point  out  some 
modifications  which  will  be  beneficial.  We  believe  that  they  vnU 
drive  the  train  (locomotive  and  two  cars,  o.  t.  c.)  at  the  required 
speedP  (Italics  here  and  elsewhere  are  mine,  speed  then  con- 
sidered 120  on  a  level,  o.  t.  c.) 

"  The  possibility  of  a  train  being  derailed  bj  an  obstruction  on 
the  track  increases  with  the  speed.  At  speeds  up  to  90  miles, 
however,  there  seems  no  increase  in  the  number  of  derailments. 
In  the  case  in  question,  the  centre  of  gravity  of  the  cars  is  very 
low,  and  it  would  be  difficult  to  derail  them  on  straight  parts  of 
the  track.  The  radius  of  the  curves  should  of  course  be  great, 
but  not  so  great  as  would  be  required  for  an  ordinary  train  going 
at  these  high  speeds.  The  question  of  safety  is,  however,  almost 
iJoholly  a  question  of  iroAik  construction.  Considering  the  form 
of  the  proposed  train,  its  comparatively  light  weight,  making  a 
less  demand  on  the  track,  it  is  certain  that,  with  a  carefully  con- 
structed road,  it  could  attain  with  safety,  speeds  which  would  be 
impossible  with  trains  as  at  present  constructed.  As  these  latter 
have  several  times  made  86  miles,  and  often  made  80  miles  it 
would  seem  that  a  speed  of  120  miles  or  even  mm*e,  with  the  elec- 
tric cars,  would  not  be  outside  the  limits  of  safety, ^^ 

"  Tlie  plan  for  supplying  current  to  the  motors  is  feasible." 

''  The  design  of  the  motors  is  discussed  in  the  detailed  report. 
It  is  generally  good."  ^'^  '^^^ ''  ^^^^i^ 
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'^  Should  it  be  demonstrated  b;  an  actual  test  that  passenger 
trains  can  be  run  safely  and  economically  at  a  speed  over  100 
miles  per  hour  from  here  to  Chicago,  the  financial  aspects  of  the 
case  would  certainly  be  improved.  We  a/re  of  the  opinion  tJuit 
the  chcmces  are  inja/vor  or  this  being  accomplished  ly  the  present 
scheme!*^ 

These  words,  though  guarded  and  accompanied  by  criticism 
of  the  detail,  are  yet  a  substantial  approval  of  what  was  sub- 
mitted.    To  me,  they  were  very  encouraging. 

[Pressure  of  other  business  has  prevented  me  from  carefully 
reviewing  the  calculations  appearing  in  this  paper. — O.  T.  C] 


Discussion.^ 

The  President: — [Prof.  W.  A.  Anthony.]  This  paper  is  now 
open  for  discussion,  and  I  trust  the  interest  which  it  must  excite 
will  call  for  remarks  from  many  whom  I  see  present  here  to- 
night who  have  had  something  to  do  with  electric  traction. 

Mr.  W.  H.  Peikoe  : — I  would  like  to  ask  Mr.  Crosby  if  he  has 
made  any  calculations  or  estimates  as  to  how  far  and  how  long 
the  train  would  run  before  it  would  attain  a  speed  of  150  miles, 
and  how  far  it  would  have  to  run  before  it  can  be  stopped. 

Mr.  Crosby  :— I  did  make  calculations  as  to  the  attainment  of 
the  speed,  and  the  matter  of  stopping  it  I  expressed  in  the  paper. 
I  knew  that  those  figures  could  not  remain  in  the  minds  of  those 
hearing  the  paper.  The  space  for  stopping,  with  a  braking  power 
that  would  just  fail  to  slide  the  wheels  would  be  just  about  7000 
feet  and  the  time  would  be  in  the  neighborhood  of  100  seconds. 
The  time  of  getting  the  train  to  speed,  with  the  motors  as 
designed  I  have  forgotten  now,  but  it  is  in  the  neighborhood,  I 
thiii,  of  two  or  three  miles. 

Mr.  Peiroe  : — In  getting  an  ordinary  train  to  speed  at  sixty 
miles  it  will  take  over  three  miles,  and  I  should  think  it  would 
take  ten  or  twelve  to  get  it  to  a  speed  of  150. 

Mr.  Crosby  : — It  may  have  been  more  than  three  or  four  miles, 
but  [  think  they  would  attain  thit  speed  with  the  lighter  weight 
they  have  to  handle,  and  the  power  proportioned  to  the  weight,  in 
six  miles. 

Mr.  Peiroe  : — The  only  reason  I  bring  this  up,  is,  that  in 
running  these  trains  a  short  distance  it  would  not  be  possible  to 
attain  very  high  speed. 

Mr.  Crosby  : — ^i  should  say  that  I  do  not  think  there  is  any- 
thing whatever  in  high-speed  work  for  sav,  even  forty  miles.  I 
do  not  think  you  can  properly  do  120  miles  an  hour  lor  a  run  of 
say  thirty  or  forty  miles.  It  is  applicable  only  to  connecting  very 
large  cities.     I  think  you  could  run  from  here  to  Albany,  if  you 

1.  By  Messrs.  Peirce,  Crosby,  F.  L.  Pope,  Lockwood,  Sprague,  R.  P. 
ThompsoD,  J.  S.  Brown.  Qeyer,  P.  H.  Dudley,  Alailloux  and  Wirt.      ^^^To> 
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had  the  New  York  Central  line  to  run  on;  from  Albany  to 
Rochester,  from  Rochester  to  Buffalo,  and  then  stopping  at  the 
principal  lake  cities.  It  might  be  found  later  on,  that  it  would 
be  necessary  to  make  shorter  stops ;  but  the  first  efforts  should 
be  made  only  with  very  long  runs. 

Me.  F.  L.  Pope  : — In  conversation  some  time  ago  with  a  pro- 
minent civil  engineer,  at  one  time  professionally  connected  with 
the  Lake  Shore  road,  he  expressed  the  opinion  that  safety  from 
derailment  at  very  hiffh  speeds  would  be  best  secured  by  very 
slightly  curving  the  hue  of  the  road,  iust  sufficient  to  cause  the 
flanges  of  the  wheels  to  bear  constantly  against  one  side.  With 
that  construction  he  should  expect  that  any  possible  speed,  up  to 
say  200  miles  an  hour,  that  could  be  got  from  the  motors,  would 
be  perfectly  safe.  He  was  led  to  this  conclusion  from  lone  ob- 
servation of  the  performances  on  the  Lake  Shore  road  of  raiJroad 
wheels  at  high  speed,  on  which  road  as  many  of  you  are  aware, 
some  of  the  best  running  in  this  country  has  been  done. 

Mb.  Thos.  D,  Lookwood  : — I  have  been  verv  much  impressed 
with  the  facts  which  have  been  so  clearly  furnished  to  us  oy  Mr. 
Crosby,  and  before  I  forget  it,  I  should  like  to  add  one  or  two 
remarks,  with  regard  to  what  he  has  just  now  said — that  he  does 
not  consider  high  speed,  extremely  high  speed,  or  even  so  low 
speed  as  forty  miles  an  hour  to  be  a  very  important  factor  except 
for  extremerjr  long  runs.  I  do  not  Imow  whether  I  correctly 
understood  tnat. 

Mr.  Crosby  : — What  I  meant  to  say,  Mr.  Lockwood,  was,  that 
I  did  not  think  a  speed  of  120  miles  an  hour  was  commercially 
applicable  to  making  short  runs  of  say  forty  miles.  Suppose  we 
have  to  stop  forty  miles  away  from  New  York,  I  do  not  think  it 
would  pay  even  if  it  were  a  good  sized  city,  to  establish  a  service 
there,  aiming  at  a  speed  of  120  miles  for  a  very  short  distance. 
You  would  not  more  than  obtain  it,  when  you  would  have  to 
give  it  up. 

Mr.  Thos.  D.  Lockwood  : — That  is  a  little  different  from  what 
I  understood  at  first,  but  it  does  not  interfere  at  all  with  what  I 
was  going  to  say,  which  is  this :  I  have  had  some  experience  in 
steam  railroads.  I  have  worked  in  various  capacities  upon  rail- 
roads, and  I  have  had  some  experience  upon  steam  locomotives, 
and  such  experience  as  I  have  nad  leads  me  to  this  statement — 
that  the  best  speed  1  have  ever  known  to  be  made  out  of  an 
average  of  a  great  many  trips  has  been  done  by  way  trains  where 
the  stations  were  very  close  together;  and  the  reason  of  that  is, 
that  upon  a  long  run  you  can  obtain  a  fairly  high  average  without 
even  getting  an  immensely  high  speed ;  whereas  upon  way  trains, 
where  the  stations  are  very  frequent  we  often  liave  to  nin  at 
enormously  high  speed  between  stations  to  maintain  the  time, 
and  that  is  often  wuen  we  have  runs  of  only  two  miles  between 
stops.  There  is  a  road  I  have  in  mind,  in  the  western  part  of 
Massachusetts  and  Connecticut  on  which  I  hm^iM^p^^xy^^^ 
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HotiBatonic  Railroad — ^and  between  Pittsfield,  Mass.  and  Canaan, 
Conn.,  there  are  a  large  number  of  stations;  I  have  known 
trains  to  leave  Pittsfield  some  fifty  or  sixty  minutes  behind  time, 
and  reach  their  destination  on  time.  Now  that  sounds  rather 
fabulous  to  gentlemen  who  have  not  been  on  locomotives  or  who 
have  not  run  locomotives.  I  heard  statements  made  at 
meetings  of  this  association  some  time  ago,  in  which  Mr.  Ries 
took  part,  and  it  was  argued  then  that  a  great  part  of  the  power 
saved  while  running  down  grade  might  be  used  to  operate  dyna- 
mos for  lighting  purposes.  Now  that  is  a  very  prominent  method, 
but  the  experience  of  all  locomotive  engineers  leads  them  to  the 
conclusion — whatever  it  may  lead  persons  who  have  not  done 
that  kind  of  work  to  conclude — that  they  want  all  the  power  all 
the  time,  and  tliey  are  very  glad  indeed  to  get  a  chance  to  run 
down  grade  once  in  a  while. 

I  noticed  that  Mr.  Crosby  in  his  paper,  made  no  reference  to 
what  some  eighteen  months  ago  was  a  very  prominent  issue, 
namely,  the  improvement  of  adhesion  by  the  passing  of  a  current 
from  the  wheels  to  the  rails.  I  recollect  in  different  meetings, 
social,  legislative,  and  litigative,  in  which  I  have  had  the  honor 
to  appear  both  as  a  spectator  and  participant,  that  that  issue  was 
made  very  particularly  prominent.  Some  electricians  ascribed 
it  to  magnetism,  wliich  in  some  occult  way,  escaped  from  the 
motor  and  reached  the  wheels  and  from  there  passed  to  the  rail ; 
and  while  I  do  believe  that  magnetism  is  going  to  be  one  of  the 
great  braking  powers  of  the  future  I  do  not  believe  it  is  going 
to  reach  the  rails  that  way.  But  I  sc  e  that  Mr.  Crosby  has  ad 
vanced  from  the  opinion  which  was,  to  say  the  least,  popular  for 
a  few  years.  In  prior  meetings  of  this  Institute,  Mr.  Leo  Daft 
and  others  have  made  certain  statements — 1  do  not  know 
whether  they  were  deliberately  written  (»n  paper  or  made  on  the 
spur  of  the  moment  in  discussion — very  strongly  assuming  that 
there  was  such  a  useful  effect ;  Mr.  Ries  also  was  a  very  prom- 
inent advocate  of  that  alleged  method  of  improving  adhesion. 
I  do  not  think  there  can  be  any  doubt  that  when  heavy  currents 
pass  from  wheel  to  rail  or  between  any  metallic  contacts  there  is 
a  certain  slight  adhesive  effect  I  do  not  think  it  has  any  prac- 
tical effect  upon  the  adhesion  which  a  train  in  practice  requires. 
In  1878  that  very  eminent  mechanician,  Mr.  Stroh,  in  London, 
ascertained  that  in  passing  even  comparatively  feeble  battery 
currents  between  contacts,  that  there  was  a  very  decided  adhe- 
sive effect  upon  a  small  scale ;  and  he  tried  this  with  a  great  num- 
ber of  metals  and  alloys,  finding  that  steel — two  contacts  of 
steel — gave  the  very  best  effect,  as  compared  with  other  metals. 
In  the  light  of  what  we  know  now,  it  is  very  clear  that  it  was  a 
welding  effect ;  that  even  small  currents  in  passing  through  loose 
contacts  developed  enough  heat  to  make  a  wela.  Mr.  Stroh 
used  a  lever  with  a  weight  upon  one  end,  and  in  some  of  the 
experiments  the  lever  had  an  equally  long  arng^j^U^^gl^^  end. 
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and  after  passing  the  battery  current  through  those  loose  con- 
tacts and  after  placing  a  weight  thereon,  it  was  found  that  that 
equal  weight  would  not  separate  the  contacts  again.  But  I  am 
compelled  to  say  from  my  own  practice  that  I  do  not  believe 
that  such  an  adhesive  effect  as  may  exist  has  any  practical  utility; 
for  this  reason,  among  others ;  that  such  power  as  it  does  exert 
in  holding  the  wheel  on  the  track,  is  lost  by  the  equally  certain 
fact  that  it  must  obviously  require  as  much  force  to  unweld  it 
again  so  as  to  admit  of  the  progress  of  the  train 

Me.  Cbosby: — I  may  answer  that  I  did  not  mention  the  fact 
in  the  paper. 

Me.  LocKwooD : — I  know  you  did  not,  and  I  wished  to  ask 
yon,  whether  you  had  any  decided  opinion. 

Mr  Crosby  : — ^Very  decided  indeed.  1  do  not  think  there  is 
anything  in  it  at  all.  I  have  put  myself  on  record  as  thinking 
there  is  nothing  in  it — short  of  such  currents  as  will  actually 
heat  to  welding.  I  know  of  experiments  which  were  never  pub- 
lished, but  which  were  made  by  a  man  much  interested  in  the 
subject  at  one  of  the  great  universities  of  the  country,  which  indi- 
cate that  in  a  three  or  four  pound  model  it  took  something  like 
two  hundred  amperes  to  produce  any  effect,  and  that  was  plainly 
a  welding  effect,  since  it  showed  a  clear  pitting  of  the  little  rail 
on  which  this  model  used  to  run  Now  the  number  of  amperes 
used  there — certainly  one  hundred — was  surely  out  of  proportion 
to  the  current  that  is  used  for  any  time  for  transportation.  That 
perhaps  is  like  the  answer  of  the  mayor  who  said  he  did  not  have 
any  cannon  and  therefore  did  not  salute  his  majesty— that  was 
one  of  his  ten  reasons.  In  this  work  here  described  there  cannot 
be,  in  my  opinion,  any  such  grade  work  attempted  as  to 
make  necessary  a  distinction  from  that  of  ordinary  coeflScients, 
even  if  it  should  be  obtained  by  the  use  of  extravagantly  high 
currents.  I  do  not  know  what  would  be  the  steepest  grade.  It 
is  simply  a  question  of  how  much  you  are  willing  to  sacrifice  in 
speed  in  order  to  save  original  expense  in  constructing  your  line. 
It  is  the  same  question  that  is  presented  to  the  steam  railway 
engineer.  He  cuts  between  the  two  extremes.  I  should  say 
roughly  now  that  perhaps  a  two  per  cent,  grade  would  be  a 
pretty  heavy  grade  to  contemplate  for  that  work  on  account  of 
the  great  tax  on  the  motors  and  the  actual  requirement  of  power. 
Then  in  the  matter  of  the  braking  effect  I  do  not  know  whether 
Mr  Lockwood  meant  the  return  of  power  from  the  dynamos  as 
the  braking  effect  which  he  thought  would  be  useful  or  not. 

Mr.  Lockwood: — No;  1  meant  the  idea  of  short-circuiting. 
Such  a  scheme  was  patented  within  the  past  ten  years.  I  do  not 
believe  it  has  ever  been  used. 

Mr.  Crosby  : — I  did  not  consider  the  matter  of  return  of 
energy  to  the  line,  because,  as  Mr.  Lockwood  sajs,  they  want  all 
the  power  they  can  get,  and  because  the  number  of  stops  is  very 
small  compared  with  the  number  of  miles  run^^^^  Jj;^  ^ii!S[!>^^fe 
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different,  say  in  the  elevated  railway  service.  It  might  do  to 
run  your  motors  as  dynamos  and  let  them  give  back  the  work  of 
retardation  into  the  hne.  But  you  make  a  little  sacrifice  to  do 
that.  That  is  you  have  got  to  work  your  motors  at  lower  than 
saturation  point  for  your  normal  duty.  Otherwise  1  do  not  see 
how  you  can  get  the  electromotive  force  of  the  motor  high 
enough  to  pump  back  into  the  line.  For  that  reason  I  do  not 
think  it  has  any  place  in  long  distance  work  where  your  stops  are 
one  in  a  hundrea  miles. 

Mb.  Pbibob  : — I  would  like  to  ask  Mr.  Crosby,  in  working  the 
size  of  wire  out  for  the  most  economical  conductor  how  much 
variation  of  the  electromotive  force  he  found  in  the  line  from  the 
terminals  to  the  centre. 

Mb.  Crosby: — I  did  not  use  the  ordinarv  equation  for  deter- 
mining what  would  be  the  most  economical  drop  on  the  line.  I 
simply  took  almost  at  random,  as  I  was  very  much  pressed  to 
get  this  into  shape;  I  took  thirty-three  per  cent,  drop  on  the  line, 
and  had  done  so  all  along,  thinking  that  it  would  be  practicable 
to  have  that ;  although  I  do  not  know  that  it  would  w  the  most 
economical  drop,  not  having  calculated. 

Mb.  Peibob  : — I  meant  tlie  variation,  you  know  I  did  not 
mean  the  total  drop.  I  meant  the  variation  between  different 
points  of  the  line. 

Mb.  Crosby: — That  is  connected  with  the  amount  of  drop. 
If  you  had  thirty-three  per  cent,  drop  that  would  ffive  you  an 
inference  at  once  as  to  alt  the  variations  there  would  be  on  the 
line. 

Mb.  Peiboe  : — I  did  not  know  but  what  you  would  run  out 
feeders  so  that  you  would  have  only  four  or  five  per  cent,  varia- 
tion at  different  points  of  the  line. 

Mr.  Cbosby  : — That  might  be  desirable,  but  I  think  it  would 
be  just  as  well  to  put  your  whole  motor  in  once  for  all  instead  of 
whittling  down  Thirty-three  per  cent,  was  at  the  furthest  point 
to  which  any  station  would  supply  the  current. 

Mb.  Edwabd  p.  Thompson  : — i  would  like  to  ask  it'  it  is  your 
opinion,  based  upon  your  experiments,  that  it  is  impracticable  to 
run  an  automatic  electric  train  for  the  purpose  of  carrying  mail 
matter  and  other  objects  of  great  value  where  it  is  necessary  to 
have  high  speed  ?  tt  is  even  of  more  importance,  it  seems  to  me, 
to  transport  such  from  here  to  Philadelpliia,  Chicago  and  other 
distant  places  at  a  great  rate  than  it  is  to  tran8]>ort  people.  A 
great  many  of  those  high-speed  passenger  trains  were  reduced  in 
speed  because  it  was  found  that  people  really  did  not  care  to  go 
so  fast,  and  because  of  the  wear  and  tear  on  the  locomotive 
machinery ;  nnd  therefore  the  high-speed  trains  running  at  over 
sixty  miles  per  hour  were  to  a  great  extent  taken  off  both  in 
England  and  the  United  States  as  fully  stated  about  a  year  ago 
in  the  reports  of  several  railway  companies ;  but  if,  in  practice, 
they  actually  could  get  a  speed  of  120  or  160  miles  an  hour,  it 
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would  he  more  acceptable,  I  think,  for  small  express  packages 
and  mail  than  it  would  be  for  passengers. 

As  regards  brakes  for  stopping  hi^-speed  traine,  the  principal 
point  is  economy.  I  found  in  some  tests  made  bj  me  in  behalf 
of  a  brake  company  upon  a  railway  in  Pennsylvania  that  if  it 
needs  a  certain  amount  of  energy  to  start  a  train,  it  needs  about 
nine-tenths  as  much  to  make  an  emergency  stop.  With  local  or 
accomodation  trains  the  expense  womd  be  enormous*  therefore, 
to  so  freq^uently  reduce  the  speed  as  soon  as  it  reached  120  miles 
an  hour,  if  the  electric  current  were  used  as  the  braking  power. 
In  the  experiments  I  refer  to,  the  momentum  of  the  train  was  used 
for  braking,  while  the  electric  current  was  merely  the  agent  for 
controlling  the  application  of  the  force  of  momentum.  This  force 
is  very  cheap  ana  plentiful,  and  even  with  the  crude  apparatus 
employed,  emergency  stops  were  made  in  which  the  cost  thereof 
was  simply  that  of  an  electric  current  of  two  amperes  acting  for 
less  than  one  second. 

Mr.  Crosby  : — In  order  to  have  any  kind  of  service,  whether 
you  try  it  automatically  or  not,  you  have  got  to  have  it  safe 
enough  for  a  man  to  be  on  there.  That  is,  you  must  not  have  so 
many  accidents  as  would  make  it  unsafe  for  a  man  to  go  on  there, 
or  your  business  would  be  gone.  If  you  have  an  engineer  he 
can  have  a  man  to  sit  by  him  and  another  man  by  him,  and  you 
go  on  till  finally  you  have  a  passenger  train.  [Laughter.]  I  do 
not  consider  it  practicable  to  run  a  train  that  is  of  any  size,  enough 
to  make  it  commercial,  without  a  ma?i  on  it.  I  think  the  enormous 
complexity  of  an  automatic  system  that  would  take  care  of  the 
entrance  into  a  city  and  the  departure  from  a  city  and  of  all  the 
varying:  conditions  of  service,  without  a  man  on  board,  is  really 
beyond  anything  that  would  stand  up.  You  might  put  it  all 
down  to  work  and  have  trains  on  it,  but  I  think  the  complexity 
would  soon  break  it  down.  As  to  the  desirability  of  fast  trains 
for  passengers  I  must  disagree  with  the  gentleman  who  last 
spoke.  I  see  a  gentleman  from  Chicago  who  shook  his  head 
very  emphatically  when  the  statement  was  made  that  people  did 
not  want  to  travel  so  very  fast.  I  think  the  limitation,  so  far  as 
steam  railways  are  concerned,  is  the  ability  of  the  engine  to  draw 
enough  cars  to  accommodate  people  who  want  to  go  at  that  speed. 
That  is  what  the  New  York  Central  people  claim  in  regard  to 
their  limited  train  to  Chicago  They  cannot  run  any  more  cars 
and  have  their  engines  make  the  speed  that  is  w  anted.  People 
at  Buffalo  complain  that  they  cannot  get  the  fast  service  whicli 
people  going  from  here  to  Chicago  get.  They  have  wanted 
additional  cars  put  on,  and  the  railway  company  has  answered, 
"we  cannot  put  on  additional  cars  without  sacrificing  what  we  are 
aiming  at,  which  is  high  speed." 

Mr.  Charles  Wirt  : — I  want  to  go  on  record  as  against  these 
fast  trains  unless  we  can  ride  on  them.  I  hope  to  see  things 
fixed  so  that  1  can  attend  these  meetings  and  geteli^c^^tq^mji^ 
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work  in  Chicago  the  next  day.  I  can  only  come  in  about  once 
in  six  months  now.  I  ride  on  trains  a  good  deal,  and  like  to  hold 
my  watch  in  my  hand  and  count  the  mile  posts.  I  learned  one 
very  discouraging  thing  in  doing  this,  which  is,  that  a  train  which 
may  make  a  mile  in  sixty  seconds  will  average  no  more  than 
thirty  miles  an  hour,  and  I  would  be  glad  to  know  whether  the 
ratio  of  maximum  to  average  speed  will  be  any  different  for 
the  fast  running  that  we  are  considering. 

Mr.  F.  L.  Pope  : — I  think  Mr.  Thompson  is  certainly  in  error 
in  stating  that  fast  trains  have  been  discontinued  by  our  railroads 
to  any  great  extent.  As  a  matter  of  fact,  I  believe  that  there 
has  never  been  a  time  in  the  history  of  the  world  when  there 
were  so  many  fast  trains  running  in  this  country,  or  so  many 
running  in  ilngland,  as  there  are  to-day.  I  live  on  the  route  of 
the  "  Bound  Brook  line,"  which  is  certainly,  all  things  con- 
sidered, doing  the  best  running  in  this  country  to-day — perhaps 
the  best  that  is  done  anywhere.  It  is  now  operating  a  great 
number  of  fast  trains,  and  they  are  increasing  in  number  every 
year.  Some  very  splendid  running  is  dune  on  that  line.  (  om- 
ing  over  from  Pliiladelphia  only  a  few  days  ago,  I  timed  three 
miles  by  the  posts,  the  other  side  of  Bound  Brook,  in  two  min- 
utes and  twenty  seconds,  which  I  think  you  will  admit  is  very 
good  speed  for  a  train  of  live  cars. 

Dr.  L.  H.  Laudy  : — We  have  with  us  this  evening  a  promi- 
nent railroad  engineer.  Dr.  Dudley.  If  the  Chair  will  call  on 
him  I  think  he  will  respond. 

The  President  : — Will  Dr.  Dudley  favor  us  ? 

Dr.  p.  TI.  Dudley  : — I  suppose  Dr.  Laudy  prefers  to  have  me 
tell  you  about  some  of  the  experiments  I  have  made  on  the  resis- 
tance of  different  trains.  I'hose  were  made  several  years  ago 
and  not  on  as  good  tracks  as  wc  have  at  the  present  time.  The 
resistance  of  the  passenger  train  is  given  by  the  formulae  in 
books  as  seventeen  or  eifi:hteen  pounds  per  ton.  I  found  on  the 
Lake  Shore  Michigan  Southern  Railway  and  the  New  York 
Central  &  Hudson  River  Railroad  that  with  trains  of  about  2f'0 
tons  the  resistance  was  only  from  ten  to  twelve  pounds  per  ton 
at  speeds  of  from  fifty  to  sixty  miles  per  hour.  The  resistance 
per  ton  is  not  nearly  so  great  on  those  long  trains,  as  on  the  short 
ones.  With  trains  of  two  and  three  cars,  sometimes  it  ran  as 
high  as  thirty-five  or  forty  pounds  per  ton,  but  with  long  trains 
it  ran  down  to  about  ten  and  twelve  pounds  })er  ton. 

The  greatest  variable  that  we  find  from  day  to  day  over  the 
same  track  and  same  train  is  the  wind  resistance.  1  found  in 
one  special  experiment  I  made  in  1 878  to  see  why  the  New 
York  Central  was  not  able  to  make  its  time  with  its  trains,  that 
on  a  still  day,  with  the  schedules  they  had,  they  were  able  to 
make  time,  Imt  a  wind  of  iQw  or  twelve  miles  would  retard  the 
trains  so  that  in  running  from  Buffalo  to  New  York  they  would 
lose  two  hours.     The  trouble  at  that  time  was  ^  |hig|  vj^w^l^^ 
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were  not  large  enough  to  quickly  generate  the  steam  required  to 
meet  the  increased  resistance.  The  trains  would  run  up  to  a 
speed  just  about  the  capacity  of  the  boiler  and  that  would  limit 
the  speed  they  could  maintain.  Therefore  when  a  head  or  side 
wind  was  blowing  against  them,  the  speed  of  the  train  would  be 
reduced  very  materially. 

One  gentleman  spoke  about  the  fast  speed  of  the  local  passen- 
ger trains.  The  fastest  speed  usually  found  on  trains  is  in  the  lo- 
cal passenger  service,  for  five  to  twenty  seconds — especially  those 
stopping  every  two  or  three  miles,  l" hey  often  attain  a  speed 
for  a  few  seconds  as  high  as  fifty-five  or  sixty  miles  per  hour. 
Then  they  shut  off  steam  and  apply  the  brakes,  to  stop  the  train. 
The  heavy  trains  of  eight  to  ten  cars,  running  long  distances, 
rarely  attain  sixty  miles  an  hour,  that  is  on  the  ordinary 
schedules. 

The  greatest  improvement  that  has  been  made  in  decreasing 
train  resistance  is  in  the  improvement  of  the  track  by  bringing  up 
the  standard  of  excellence  and  adoption  of  heavier  and  stiffer 
rails.  I  have  been  making  a  number  of  heavy  rail  sections  for 
difforent  railroads,  and  instead  of  making  them  simply  heavy,  I 
have  made  them  very  stiff  which  has  reduced  the  deflection 
or  wave  motion  under  each  of  the  wheels  Comparing 
the  resistance  of  the  Chicago  Limited  Express  on  stiff 
eighty  pound  rails,  with  that  of  sixty-five  pound  rails  which  have 
been  on  the  track  some  time,  it  makes  a  difference  of  seventy-five 
to  one  hundred  horse  power  per  mile.  I  have  just  made  some 
ninety-five  pound  rails  for  a  road,  which  will  be  very  much 
atiffer  than  the  eighty  pound  rails.  We  find  now,  that  the  con- 
dition in  which  they  are  keeping  the  line  is  so  perfect  that  there 
is  scarcely  any  oscillation  on  the  best  roads,  and  there  is  very 
little  difference  in  the  oscillation  now  in  riding  on  a  tangent  or 
a  curve.  I  should  prefer  a  tangent  for  smooth  riding,  although 
the  wheels  press  against  the  rails  on  curves,  unless  they  are 
properly  elevated,  tliere  will  be  some  oscillation,  though  our 
present  trains  move  very  steadily  on  the  best  tracks.  I  have 
made  careful  experiments  and  with  a  track  in  good  condition  the 
heavy  cars  ride  very  steadily,  leaving  little  to  be  desired. 

Mr.  Crosby  : — 1  should  like  to  say  now,  knowing  that  Dr. 
Dudley  is  here,  that  what  I  learned  from  him  very  kindly  given 
in  conversation  when  I  visited  his  very  interesting  dynagraph 
car,  was  more  than  I  learned  in  any  other  way,  and  I  think  when 
Dr.  Dudley  shall  have  the  time  to  publish  the  data  that  he  has 
on  hand,  we  shall  know  more  about  track  construction  and  track 
resistance  than  is  known  anywhere  else  in  this  country,  and  I 
fancy  in  the  world  to-day.  Of  course  T  do  not  know  all  the  data, 
but  he  has  an  enormous  amount,  and  I  am  looking  forward  with 
very  great  interest  to  the  time  when  he  will  give  it  to  the  world 
in  published  form,  and  it  is  very  gratifying  to  me  to  find  the 
facts  that  he  has  just  stated,  of  the  very  great  di^(^5gj^(^^Jjy\9w§^ 
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required  due  to  difference  in  tracks,  and  I  was  not  very  much 
more  than  quoting  him  when  I  said  that  half  the  battle  was  in  the 
track  construction,  so  far  as  the  power  required  was  concerned. 
Mr.  C.  O.  Mailloux: — I  can  endorse  the  remarks  just  made 


ley  had  it  m  his  power  to  conier  upon 
railroad  fraternity  countless  boons  and  favors.  I  said  to  some 
friends  that  if  we  could  only  get  Dr.  Dudley  to  run  his  car  on  a 
street  railway  track  we  could  learn  from  it  revelations  which  I 
believe  words  would  be  inadequate  to  express.     [Laughter.] 

I  think  that  there  are  a  great  many  things  which  are  so  good 
in  Mr.  Crosby's  paper  that  it  would  be  very  difficult  to  select  any 
of  them  for  comment  and  reference.  As  for  criticism  I  do  not 
believe  we  could  well  undertake  it  unless  we  had  been  with  him 
through  the  long  tedious  course  of  experimenting,  and  the  still 
more  tedious  course  of  calculation,  aesigning,  etc.  Anvbodv 
who  has  been  in  the  business — and  I  see  there  are  several  such 
here — knows  what  a  task  and  a  series  of  problems  the  develop- 
ment of  electric  traction  is.  But  while  1  cannot  dwell  upon  all 
the  good  things,  I  think  that  there  is  one  particularly  good  thing 
in  Mr.  Crosby  s  paper,  which  is  the  statement  that  the  track  is 
half  the  battle.  Mr.  Crosby  is,  I  think,  very  modest.  If  I  had 
made  the  statement  myself,  I  would  have  said  the  track  is  nearly 
the  whole  of  the  battle.  I  remember  hearing  our  Past-President, 
Mr.  Franklin  L.  Pope,  whom  we  have  the  honor  to  have  with  us 
this  evening,  telling  nie  in  a  very  sententious  way  that  the  street 
railway  people  seem  to  feel  perfectly  satisfied  not  only  to  have 
grades  oi  seven  or  eight  per  cent.,  etc.,  but  to  have  one  at  the 
end  of  each  rail.  [Laughter.]  My  experience  has  been  that  on 
many  roads  they  are  not  even  satisfied  with  that,  but  they  have 
one  between  every  pair  of  ties  or  several  in  each  rail.  Now  in 
the  matter  of  designing  electrical  street  cars  particularly,  we 
have  to  contend  with  all  those  difficulties  and  we  have  to  resort 
to  theoretical  reasoning,  oftentimes,  for  want  of  practical  data. 
That  is  the  reason  why  I  prayed  within  my  inner  consciousness 
that  some  man  like  Dr.  Dudley  might  come  before  us  and  give 
us  facts  and  data  on  which  to  base  calculations.  I  found  at  the 
outset,  as  my  colleagues  doubtless  did,  that  there  was  absolutely 
nothing  to  guide  one  or  to  base  any  calculations  upon.  I  was 
therefore  compelled,  as  doubtless  they  were,  to  make  some  crude 
preliminary  experiments  out  of  which  I  might  have  data,  which, 
though  far  from  conclusive  or  satisfactory,  were  yet  far  better 
than  none.  Now  I  found- this — which  I  state  simply  in  the  hope 
to  draw  out  the  experience  of  others — that  the  ordinary  data  in 
relation  to  the  traction  on  street  railroads  are  entirely  out  of  the 
way,  entirely  unreliable.  Various  estimates  have  been  given  by 
civil  engineers  and  others  for  the  electrical  traction  per  ton  for  a 
street  car.     The  most  authentic  figures,  if  my  memory  serves  me 
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right,  placed  the  traction  at  sometliing  like  13  pounds  per  ton. 
In  practice,  as  the  result  of  the  crude  traction-dynamometer  ex- 
periments just  mentioned,  I  have  found  the  traction  below  twenty 
pounds  with  a  car  having  a  considerable  weight.  I  have  found 
that  the  traction  per  ton  reached  in  some  cases  over  thirty  pounds 
and  it  ha?*  gone  as  high  as  forty  pounds.  Calculating  the  traction 
theoretical^,  using  the  coefficient  of  friction  on  the  axle,  the 
weight,  and  the  well-known  formula,  (since  the  power  exerted  is 
expended  practically  in  overcomintc  the  friction  of  the  axles), 
one  would  expect  to  find  a  much  lower  traction.  As  a  matter  of 
fact,  calculation  gives  a  figure  which  is  nearly  in  accordance  with 
the  data  given  by  the  engineers ;  yet  practice  always  gives  a 
higher  figure  by  fifty  per  cent,  and  often  more.  I  could  not 
account  for  it  unless  it  oe  that  owing  to  the  poor  condition  of 
the  tramway  rail  surface,  as  the  result  of  dirt,  dust,  depressions, 
etc ,  we  have  a  greater  amount,  and  a  greater  amplitude  of  rise 
and  fall  of  the  car  as  it  rides  over  .the  minute  excrescences  on 
the  track.  I  concluded  from  this  that  as  the  car  is  being  con- 
tinually and  repeatedly  lifted  slightly,  we  must  introduce  into  the 
formula  for  traction  a  factor  which  is  a  function  of  the  weight  of 
the  car  itself;  in  other  words,  that  the  traction  per  ton  increases 
with  the  weight  of  the  car.  I  mean  that  the  traction  per  ton  for 
a  car  weighing  three  tons  might  be  twenty  to  twenty-five  pounds, 
while  that  oi  a  car  weighing  seven  or  eiffht  ions  under  the 
same  circumstances  might  be  probably  thirty  or  thirty-five 
pounds.  This  view  might  explain  the  lower  figures  found  for 
the  traction  of  horse  cars,  these  being  of  so  mucli  smaller  weight 

I  would  like  to  ask  Mr.  Crosby  in  regard  to  the  initial  torque ; 
that  is  the  amount  of  traction  which  is  necessary  to  overcome 
static  friction  ;  in  other  words  what  he  finds  the  difference  between 
static  and  kinetic  friction  to  be.  I  have  found  in  my  experience 
that  the  initial  traction  went  up  as  high  as  8()  to  100  pounds  per 
ton.  I  would  be  very  much  interested  in  having  the  results  of  Mr. 
Crosby  on  these  matters,  because  I  think  it  is  a  subject  on  which 
we  are  all  groping  for  much  needed  light.  We  are  still  working 
iu  comparative  obscurity.  Consequently  any  slight  illumination 
will  be  very  acceptable,  not  only  to  myself,  but  to  all  interested 
in  the  development  of  an  art  which  is  only  in  its  infancy. 

Mb.  Geo.  n.  Prescott,  Jr.: — I  can  connrrn  to  a  certain  extent 
what  Mr.  Mailloux  has  said  about  the  unreliability  of  the 
traction  figures  for  street  cars  that  are  given  in  some  text- 
books. Several  years  ago  I  had  occasion  to  try  a  number  of 
experiments  with  a  storage  battery  car  for  the  Sprague  company 
and  in  the  interest  of  the  West  End  Railway  Company  of  Bos- 
ton. It  was  very  soon  found  from  the  actual  power  expended 
that  the  traction  factor  did  not  a^ree  with  the  figures  given  in 
the  text-books.  In  order,  if  possible  to  determine  the  value  of 
this  factor  under  ordinary  conditions  of  level  track,  we  secured  a 
pair  of  powerful  horses  from  the  street  railwayig,jggjij|]|g5j^  Ji^{^ 
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were  specially  trained  to  start  very  gently  and  pull  steadily. 
We  took  the  car  out  on  a  nearly  level  track,  and  with  an  ordi- 
nary sprinff-balance  attached  between  the  car  and  the  horses, 
endeavored  by  leaning  over  the  dash-board  to  read  the  indica- 
tions of  the  balance.  [Laughter],  This  was  found  to  be  practi- 
cally impossible  owing  to  the  rapid  fluctuations  of  the  indicator. 
Then  followed  a  very  amusing  incident.  Several  gentlemen  had 
been  invited  to  ride  m  the  car  and  witness  the  experiments.  At 
this  stage  a  rope  was  procured  and  the  guests  invited  to  act  as 
motive  power,  much  to  the  amusement  of  the  street  urchins  who 
unmercifully  guyed  the  gentlemen  in  silk  hats  and  top-coats  who 
were  acting  as  car  horses.  A  number  of  interesting  readings 
were  secured  which  seemed  to  indicate  that  the  condition  of  the 
track  was  not  at  all  uniform,  and  it  seemed  to  happen  that  when 
we  were  goin^  to  start  the  car  it  would  always  be  blocked  by  a 
spike.  As  this  meant  raising  the  whole  weight  of  the  car  in 
starting,  it  was  frequently  impossible  for  the  men  who  were 
pulling  the  car  to  get  it  over  tne  spike,  and  we  would  have  to 
push  it  back  and  get  up  momentum  ;  which  probably  goes  to 
show  that  the  traction  coeflScient  is  a  function  of  speed. 
[Laughter.]  These  experiments  were  continued  the  whole  after- 
noon, and  on  a  perfect  level  we  found  the  traction  to  be  some- 
where in  the  neio^h])orhood  of  30  pounds  to  the  ton  for  a  car 
weighing  about  six  tons. 

Dr  W  m.  E.  Geyer  : — I  must  ask  a  question  which  will  sub- 
ject me  to  the  criticism  of  being  an  electrical  heretic.  It  has 
l)een  stated  over  and  over  again  this  evening  that  in  the  case  of 
electric  locomotion,  the  main  battle  is  the  track.  Now  if  the 
same  attention  were  paid  to  the  track,  I  would  like  to  ask  Dr. 
Dudley  or  any  other  railroad  m  in,  what  in  their  opinion  would 
be  the  possibilities  with  ordinary  steam  locomotion,  if  we  are 
willing  to  spend  large  sums  of  money  on  the  track  and  on  main- 
tenance, approximately  as  proposed  by  Mr.  Crosby. 

Dr.  p.  H.  DroLEY: — I  do  not  know  how  to  answer  the  gentle- 
man. Our  experiments  are  not  suflSciently  carried  out  to  deter- 
mine yet  all  those  points.  About  the  best  results  are  those  that 
I  have  given  you,  that  is,  a  reduction  of  nearly  one  hundred  h.  p. 

|)er  mile,  compared  with  the  ordinary  sixty-five  pound  rail.  I 
lave  designed  some  one  hundred  and  five  pound  rails  which  are 
nearly  one  hundred  per  cent,  stiffer  than  the  eighty  pound  rails. 
We  will  probably  save  on  the  fast  express  trains  nearly  two 
hundred  h.  p.  per  mile,  as  compared  with  worn  60  or  65  lb. 
rails.  We  have  not  rolled  such  a  large  rail  yet ;  but  it  will  not 
be  long  probably,  before  that  will  be  done.  All  trials  show  a 
very  material  reduction  in  train  resistance  with  the  heavy  rails, 
as  we  increase  the  stiffness.  I  think  it  will  be  perfectly  safe  on 
a  track  of  the  105  lb.  rails,  to  run  120  miles  an  hour.  I  have 
ridden  several  times  seventy-five  miles  an  hour  on  heavy  rails 
and  did  not  feel  it  nearly  so  much  as  on  thg  \\^^  QllfvyJ^ 
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running  forty-five  miles  an  hour.  There  is  scarcely  any  oscilla- 
tion. The  track  is  in  perfect  line  and  the  joints  are  all  Kept  up. 
I  might  show  you  on  the  black-board  the  shape  of  some  of  the 
rails  we  find  in  tracks.  Taking  a  thirty  foot  rail  on  our  best 
tracks ;  its  surface  to  the  eye  would  be  represented  by  a  straight 
line.  [See  Fig.  1.]  The  joint  is  well  maintained  in  uniform 
surface  with  other  portions  of  the  rail  Take  even  sixtv-five 
pound  rails,  after  they  have  been  run  over  a  little  while,  if  the 
joints  are  laid  opposite,  we  find  the  rails  in  this  form.  [See  Fig. 
•i.]  Down  at  the  joints  and  high  in  the  center.  Now,  of  course, 
as  the  locomotive  or  train  is  passing  over  this  depression,  it 
further  deflects  and  the  wheels  strike  on  the  receiving  end  of  the 
rail  and  cut  out  a  piece  from  the  head  of  the  rail.  This  has  been 
very  common.  Some  times  the  effect  is  sufficient  also  to  bend 
the  rail  down  at  this  point.  The  apparatus  I  have  on  my  car 
ejects  paint  on  the  rails  where  there  is  a  certain  deflection.  In 
F'ig  2,  it  will  be  noticed  the  receiving  ends  of  the  rails  are 
commencing  to  cut  out.  By  ejecting  the  paint,  the  trackmen 
have  been  able  to  surface  the  track  so  that  on  rails  15  or  16  years 
old,  they  have  not  only  checked  the  cutting  out,  but  liave  brought 
up  the  surface  of  the  rails  to  a  much  better  condition,  and  they 
are  nearly  in  a  straight  line  at  the  present  time  One  serious 
trouble  with  many  of  the  railroad  people  is,  that,  while  they  want 
a  heavy  rail,  they  never  consider  the  question  of  stiffness.  I  dis- 
tribute my  metnl  so  as  to  make  the  section  very  stiff,  not  allowing 
so  much  in  depth  of  the  head  of  the  rail  as  usually  is  done,  but 
widening  the  head,  because  when  these  rails  have  been  in  the 
track  a  few  years,  they  become  worn  very  unevenly,  and  must  be 
removed  from  the  track.  I  am  making  the  heads  on  that  account 
very  much  broader  and  the  sections  stiff,  so  the  deflection  of  my 
75  and  80  lb.  rail  is  less  than  one-tenth  of  an  inch  in  the  track. 
We  mark  all  those  rails  for  any  deflection  exceeding  three  thirty- 
seconds  of  an  inch,  under  a  load  <>f  six  tons  per  wheel.  That  is 
abiiut  as  close  as  the  trackmen  can  work  on  a  sixty-five  pound 
rail.  On  an  eighty  pound  rail  they  can  work  closer,  but  require 
great  skill.  The  ejection  of  paint  also  shows  where  there  is  a 
rotten  or  loose  tie.  The  form  of  rail  where  the  joints  are  low, 
and  hi^h  in  the  centre  I  call  the  first  form.  Then  there  is  another 
form  in  which  the  joints  and  centre  are  low,  and  high  at  the 
quarters  which  I  call  the  second  form.  [See  Fig.  3.]  Then  there 
is  another  rail  of  which  the  surface  is  all  full  of  waves.  I  call 
that  the  third  form.  [See  Fig  4.]  A.  few  years  ago  that  was  a 
very  serious  matter.  We  are  often  able  to  tell  from  the  diagrams 
in  the  car,  what  mill  made  the  rails  as  we  run  over  them.  That 
feature  has  been  materially  improved  by  the  mills.  You  will  see 
at  once,  with  trains  running  over  rails  of  these  various  forms  and 
with  the  deflections,  there  is  a  large  amount  of  force  lost.  Rails 
high  in  the  centre  to  the  eye,  will  be  loose  on  the  ties,  so  that 
there  is  quite  a  wave  under  each  wheel.    EveUyipjlJi^yXef^vS^^ 
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track  we  find  that  under  each  wheel  there  is  a  depression 
depending  on  the  weight  on  the   wheel  and   speed   of  train. 

Mb.  Lookwood  : — Before  the  discussion  is  concluded,  I  would 
like  to  call  attention  to  just  one  point  more  which  seems  to  have 
escaped  attention  so  far,  though  I  have  no  doubt  that  those  of  us 
who  are  experts  in  electric  railroading  have  not  overlooked  it, 
and  that  is  that  with  the  increased  ut^e  of  electric  locomotives,  we 
may  expect  to  have  better  preserved  tracks,  and  tracks  which, 
moreover  will  hold  out  much  longer ;  because  in  the  transfer  of 
the  rectilinear  motion  of  the  steam-piston  to  its  connecting  rod 
and  in  its  transformation  to  rotary  motion  in  the  wheels,  there  is 
a  heavy  j)ounding  effect,  which  will  certainly  be  absent  from  the 
motor  having  a  rotary  motion  at  the  outset. 

Mr.  Feank  J.  Sprague  : — I  was  not  here  early  enough  to  hear 
Mr.  Crosby's  valuable  paper,  but  I  have  gathered  the  gist  of 
some  of  the  points  from  the  criticisms  made.  I  wish  to  take 
the  decided  position  that  no  automatic  system  of  high-speed 
service  for  either  passengers,  freight  or  mail,  will  ever  come 
to  a  commercial  issue.  I  will  go  further  still :  the  moment  you 
deny  to  a  man  the  privilege  of  traveling  lOi^or  150  miles  an  hour 
you  will  have  a  flood  of  applications  irom  people  that  want  the 
opportunity.  I  know  very  well  what  Mr.  Crosby's  feelings  are. 
and  perhaps  it  was  his  belief  in  high-speed  service  which  brought 
him  into  the  railway  field,  and  I  will  relate  an  incident  which 
will  perhaps  be  new  to  you.  I  do  »»ot  remember  what  year  it 
was  that  Mr.  Crosby  left  the  army,  but  it  was  six  years  ago  that 
I  was  married,  and  he  was  my  groomsman.*  I  saw  him  but  one 
day,  and  a  year  or  two  later,  I  happened  to  be  in  New  York 
City  at  the  time  when  the  Richmond  road  was  under  considera- 
tion, and  I  was  casting  about  for  some  one  to  associate  with  me 
in  my  work.  It  was  just  after  some  experiments  on  the  elevated 
railroad  had  been  carried  through.  Mr.  Crosby  fl.;shed  across 
my  mind.  He  was  then  down  in  New  Orleans.  I  said  to  my 
wife :  "  The  time  has  come  when  I  must  have  some  one  to  help 
carry  the  load,  and  I  want  a  man  about  my  own  age,  and  one 
who  has  nerve,  and  grit,  and  coolness  so  that  if  he  gets  on  the 
front  of  a  car  that  is  going  75  miles  an  hour,  and  there  is  danger 
ahead,  he  will  stay  there."  I  said  "do  you  think  Mr.  Crosbv  is 
that  kind  of  a  man  ?  lias  he  that  kind  of  nerve  ?"  She  replied, 
"  I  think  he  has  "  I  went  to  the  office,  and  telegraphed  to  him  : 
"  Can  you  come  on  to  New  York  at  once  for  a  week  ?"  He 
telegraphed.  "Yes,  I  will  come."  He  came  on.  We  had  a 
conversation,  and  the  result  was  that  Mr  Crosby  resigned  from 
the  engineer's  corps,  and  stands  to-day  as  one  of  the  foremost 
exponents  of  high-speed  service. 

Mr.  Crosby  spoke  of  the  possibility  of  returning  the  energy  of 
the  train  to  the  line,  and  that  it  would  have  very  little  importance 
in  dealing  with  the  particular  class  of  service  of  which  he  has 
spoken — high-speed  service  over  long  distances.     That  is  very 
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true  r  think  perhaps  the  value  there  of  a  shunt  machine  if  used, 
would  be  on  account  of  the  constancy  of  the  speed.  That  is,  it 
would  always  be  constant  within  a  certain  very  small  limit,  especi- 
ally with  machines  of  the  exceedingly  high  efficiency  which  would 
be  used  under  those  circumstances.  That  is  where  I  think, 
perhaps,  the  shunt  machines  would  be  used.  But  on  local  rapid 
transit  service,  or  service  like  that  of  the  elevated  railroads  of 
New  York  City  —which  is  not  very  rapid — but  where  we  have 
stops  every  third  of  a  mile,  then  the  importance  of  returning 
energy  to  the  line  becomes  at  once  very  great,  because  from  care- 
ful calculations  I  know  it  to  be  possible  to  return  about  forty  per 
cent,  of  the  total  energy  used,  back  to  the  line,  and  the  facility 
with  which  this  can  be  done  increases  very  rapidly  with  the  size 
of  machine  which  is  used  Where  you  can  use  shunt  machines, 
and  excite  your  iield-magnets  up  to  a  very  high  saturation, 
and  have  a  very  reasonable  latitude  of  variation,  the  criticism 
that  was  made  that  there  would  be  a  loss  in  energizing  the  field- 
magnets  more  than  when  in  using  series  machines,  1  do  not  think 
holds  particularly  good,  for  this  reason :  that  the  total  energy 
used  in  the  field  mignets  forms  a  very  small  proportion  of  the 
total  amount  of  energy  used  on  the  line,  and  if  the  returned  energy 
is  forty  per  cent,  of  the  total,  and  the  field  energy  of  the  magnet 
is  only  two  or  three  per  cent,  of  the  total,  the  value  of  this 
method  seems  apparent. 

The  question  of  traction  which  has  been  so  ably  spoken  of  by 
Dr.  Dudley  has  two  entirely  different  bearings  If  you  are  deal- 
ing with  street  car  service,  it  is  one  thin^.  If  you  are  dealing 
with  high-speed,  clean  rail  service,  it  is  an  entirely  different 
thing.  I  have  found,  so  far  as  ray  practical  experience  goes,  that 
the  dirt  on  the  track,  the  snow  and  mud,  and  the  grades,  were 
the  questions  that  determined  the  power  of  the  motors.  When 
you  consider  that  with  twenty  pounds  traction  per  ton,  the  work 
on  a  one  per  cent,  grade  is  equal  to  the  work  of  traction,  and 
that  our  street  car  service  demands  12,  13,  and  even  14:  per  cent, 
grade  work,  the  question  of  rail  traction  on  a  level  amounts  to 
very  little  in  street  car  motor  design,  but  it  does  amount  to  the 
greatest  possible  importance  in  high-speed  service. 

Mr.  Crosby  was  speaking,  just  as  I  came  in,  of  the  influence  of 
currents  on  traction  where  the  ground  circuit  is  used.  I  was 
once  a  very  zealous  upholder,  especially  through  our  commercial 
agents,  of  the  importance  of  using  the  ground  circuit,  because  of 
the  value  of  adhesion.  My  belief  was  founded  on  the  experience 
I  had  with  a  very  dirty  track,  for  which  the  electricity  was 
perhaps  a  sort  of  broom  to  brush  away,  or  a  fire  to  consume  the 
dirt.  I  am  now  of  the  opinion  that  the  passage  of  the  current 
or  at  least  so  much  current  as  is  necessary  for  actual  traction,  has 
little  actual  influence  on  actual  adhesion  with  clean  rails.  If  it 
has  any  influence,  it  simply  acts  as  a  cleaner  of  the  track — 
nothing  more  than  that.     [Applause].  J^ 
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Mb.  J.  Stanfobd  Brown  : — The  question  of  grades  has  come 
up  and  been  discussed,  but  the  question  of  curvature  has  not, 
uuless  it  was  taken  up  before  I  came  in.  I  would  like  to  inquire 
what  limitations  would  be  put  upon  that  in  this  very  high-speed 
service. 

Mr.  Crosby  : — In  the  paper  as  read,  there  is  a  calculation  for 
the  limit  of  curvature  as  a  question  of  safety.  Now  there  is  a 
very  important  question  as  to  the  effect  of  curvature  in  increasing 
the  friction  coemcient.  On  that  I  have  been  able  to  do  nothing 
more  than  take  the  text-book  formulse,  and  I  am  not  at  all  sure 
that  they  are  right.  The  matter  of  safety  I  have  discussed  in 
the  paper.  The  power  I  have  assumed  ordinary  coeflScients  for. 
As  to  the  values  of  the  coefficients  in  street  railway  work  on 
straight  track  ;  I  found  with  a  dynamometer  on  an  ordinary  flat 
rail,  about  twenty-iBve  pounds  avera^  per  ton  for  a  car  weighing, 
about  twelve  thousand  pounds,  that  is,  a  street  car,  on  an  average 
street  car  track.  As  to  the  starting  effect,  I  started  a  car  equipped 
with  the  ordinary  Sprague  motor  with  fourteen  amperes  by 
having  a  water  resistance  external  to  the  car.  Of  course  all  cars 
as  they  are  made  bv  all  the  companies  that  I  know  of,  take  a 
larger  current  than  tLat  to  ])egin  with  under  any  conditions,  simply 
because  C  is  equal  to  E  divided  by  R.  You  have  so  much  R  and 
so  much  E  and  you  will  have  so  much  C.  liut  that  current  is 
many  times  larger  than  is  necessary  to  start  a  car.  Those  14 
amperes  started  a  car  on  what  was  practicallv  a  level,  rusty  track, 
then  1  put  a  dynamometer  in  to  check  it.  and  as  I  remember  now 
got  about  175  pounds  as  the  effort,  applied  gradually  through  a 
rope  and  a  dynamometer  to  the  starting  of  this  car.  That  would 
be  about  thirty-five  pounds — from  thirty-five  to  fifty  pounds  per 
ton,  and  it  checked  exactly  with  the  calculated  toniue  resulting 
from  the  14  amperes  which  were  used  electrically.  In  other 
words  I  started  once  mechanically  by  men  hauling  on  the  dynamo- 
meter, and  then  electrically,  and  they  checked  very  well  running 
somewhere  to  175  to  i^Oo  pounds  for  five  tons. 

Now  another  gentleman  has  not  I  think  been  answered  as 
to  the  question  he  raised  respecting  the  feasibility  of  steam  as 
compared  with  electric  traction  in  case  every  possible  improve- 
ment is  made.  I  assumed  in  the  paper  I  prepared  previously  on 
the  8ul)ject,  that  the  traction  coefficient  would  be  the  same  for 
the  saine  pull  no  matter  how  exerted.  It  is  so  much  per  ton 
that  has  to  be  exerted.  Now  the  way  I  took  hold  was  to  calcu- 
late this  very  thoroughly — this  cumulative  load  with  steam,  the 
coal  necessary  to  be  carried,  and  the  water  and  the  surface 
opposed  to  the  atmosphere  in  increasing  your  speed,  and  I 
formed  a  table  which  I  believe  is  reliable  Slowing  tliat  at  vary- 
ing ratios  for  efficiency  for  electric  locomotive  machinery,  and 
assuming  what  we  know  to  be  the  averaije  efficiency  of  the  steam 
mechanism  at  such  and  such  speeds,  that  you  will  have  an  econ- 
o  ny  greater  in  the  one  case  or  the  other,  and  it  runs  this  way; 
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that  if  you  can  get  ninety  per  cent,  efficiency  out  of  your  electric 
service  and  have  a  frequent  service — tliat  is,  of  course  an  indefi- 
nite term,  but  I  define  in  my  calculation  a  particular  frequency 
which  is  not  excessive  as  compared  with  the  local  traffic,  say,  of 
the  New  York  Central  road — with  such  a  frequency  with  nine- 
ty per  cent,  efficiency  and  at  twenty  miles  an  hour,  the  electrical 
propulsion  is  slightly  more  economical  than  steam  propulsion. 
Now  as  you  increase  your  speed  tlie  relative  value  of  the  electri- 
cal propulsion  increases  enormously,  and  finally  at  high  speed, 
say  120  miles,  your  electrical  propulsion  is  something  like  six 
times  more  economical  than  steam  propulsion  considering  steam 
propulsion  even  possible  But  it  is  not  possible  to  propel  ordi 
nary  trains  bv  steam  at  120  miles  for  any  length  of  line  worthy 
of  consideration,  because  the  aniount  of  coal  and  water  that  you 
are  required  to  carry  has  reached  a  quantity  that  would  require 
two  or  three  tenders  to  take  care  of.  You  can  see  readily  that 
it  is  a  cumulative  thing.  Every  pound  of  coal  you  put  in  re- 
quires some  more  coal  to  be  burned  to  null  that  pound  and  you 
have  to  carry  it,  and  also  water,  so  tnat  when  you  get  to  the 
high  speeds  it  is  out  of  the  question  and  we  have  nothing  to  look 
for  at  very  high  speeds,  save  electrical  propulsion  But  if  we 
come  to  comparatively  low  speed  service  and  a  comparatively 
infrequent  service  the  steam  will  beat  us.     [Applause]. 

Mr.  Peikce  : — Do  I  understand  Mr.  Crosby  then  to  mean  that 
for  heavy  freight  service  steam  would  be  more  economical  than 
electricity. 

Mr.  Crosby  : — Yes ;  I  think  for  heavy  freight  service,  unless 
its  frecjuency  is  far  beyond  anything  we  have  to-day,  it  can  be 
carried  on  more  economically  by  steam  than  by  electricity.  The 
table  I  prepared,  1  calculated  with  a  great  deal  of  care  for  the 
cost  of  generating  so  much  power  in  the  one  method  and  in  the 
other,  and  I  also  introduced  as  nearly  as  I  could  the  dead 
weights  needed  for  producing  that  power  by  the  two  agents. 
Those  I  will  say  are  factors  that  have  to  go  into  it.  The  copt  of 
producing  one  horse  power  hour  and  the  number  of  tons  of  pay- 
ing freight  that  one  horse  power  hour  can  haul  when  that  horse 
power  hour  is  expended  by  the  one  means  and  the  other.  Thoj  e 
two  things  being  considered,  put  them  together  in  the  equation 
and  you  have  at  once  the  speeds  at  which  the  one  or  the  other 
agent  becomes  more  economical. 

Mr.  Sprague  : — I  heartily  agree  with  Mr.  Crosby  in  his  opin- 
ion regarding  the  freight  service — that  it  will  for  a  long  time  be 
more  economically  carried  on  by  steam,  than  by  electricity  ;  like- 
wiss  long  trunk  transportation  You  must  understand  that  elec- 
tric transmission  is  going  to  bring  up  a  new  system  of  train 
operation,  and  train  despatching. 

I  think  that  in  justice  to  Mr.  Crosby  I  should  explain  why  he 
was  said  to  "  have  nerve "  It  was  related  that  at  a  balloon 
ascension  in  the  city  of  New  Orieaus,  Mr.  Cr^|][)y^  .^Di^j^^^i^j^ 
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the  balloon  without  the  operator,  because  he  was  bound  to  go.  I 
feel,  in  discussing  this  subject  very  much  as  that  operator  probably 
did.  Mr.  Crosby  on  this  question  of  rapid  transit  has  run  away 
from  me,  simply  because  1  know  of  it  only  through  the  discus- 
sion that  is  going  on. 

Mr.  Thompson  : — If  I  understand  Dr.  Geyer's  question  it  is : 
"  All  other  thinffs  being  equal,  why  can  we  not  safely  use  as  high 
speed  with  the  locomotive  as  with  the  electric  motor  ?  "  There 
seems  to  be  one  certainty  in  favor  of  the  electric  motor  as  regards 
the  matter  of  safety  not  found  in  the  case  of  the  locomotive. 
High  speed  means  more  danger  of  the  numerous  parts  such  as 
connectmg  rods  of  the  locomotive  breaking ;  it  means  more 
danger  of  boilers  exploding,  etc.  W  here  the  armature  is  mounted 
on  flie  car  axle  as  proposed  by  the  speaker,  the  electric  motor  has 
no  extra  moving  parts  over  those  found  in  an  ordinary  car — ^as 
against,  I  don't  Know  how  many  moving  parts  in  the  locomotive, — 
but  a  great  number  intricately  involved  ;  so  that  an  electric  train 
would  have  a  very  high  per  cent,  of  safety  over  the  steam  loco- 
motive, whether  the  present  track  is  improved  or  not. 

The  President  : — This  discussion  is  an  exceedingly  interesting 
one,  but  we  have  some  other  matters  to  come  before  us  this  even- 
ing, and  it  is  past  ten  o'clock  already.  Mr.  Franklin  Leonard 
Pope,  I  believe,  has  agreed  to  tell  us  something  about  the  history 
of  Mr.  Davenport's  little  locomotive  here,  which  perhaps  will  run 
a  hundred  and  twenty  miles  an  hour.  I  don't  know  whether  he 
thought  of  doing  it  or  not. 

[Mr.  Pope  spoke  as  follows :] 
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The  year  1837  marked  a  very  important  era  in  the  history  of 
the  industrial  development  of  electricity.  During  that  year,  two 
of  the  most  extraordinary  inventions  of  the  present  century  made 
their  advent  in  this  city — the  electric  telegraph  of  Prof.  Samuel 
F.  B.  Morse,  and  the  electric  motor  of  Thomas  Davenport.  The 
motor  came  first.  Davenport,  a  self-taught  Vermont  blacksmith, 
who  had  invented  and  constructed  his  machine  in  a  remote  country 
villjage  in  a  crude  form  as  early  as  1834,  came  to  New  York  in 
February,  1837,  bringing  with  him  some  of  the  machinery  which 
had  been  made  for  the  purpose  of  exhibition,  by  himself  and 
Ransom  Cook,  with  a  view  to  enlisting  capital  to  build  a  large  mo- 
tor. During  the  season  of  1837  he  occupied  rooms  in  the  city 
where  he  exhibited  models  of  his  motor  and  various  other  elec- 
trical inventions.  Articles  were  published  in  the  newspapers  of 
the  day,  and  his  exhibitions  were  attended  by  a  great  number  of 
people.  In  letters  written  about  that  time,  Davenport  mentioned 
that  one  of  the  most   frequent  visitors  was  Professor  Morse. 

With  the  history  of  Professor  Morse  and  his  inventions  of  the 
telegraph  the  world  is  quite  familiar.  With  the  history  of 
Davenport  and  of  the  invention  of  his  electric  motor — as  I  soon  dis- 
covered in  endeavoring  to  obtain  information  about  it  myself — 
scarcely  anything  was  known.  This  difficulty  ultimately  led  me 
to  interest  myself  in  trying  to  find  out  more  about  the  matter. 
In  this  undertaking  I  was  fortunately  very  much  more  successful 
than  one  can  reasonably  expect  to  be,  in  attempting  to  resusci- 
tate the  history  of  an  invention  which  has  lain  unknown  for  the 
best  half  of  a  century. 

The  first  newspaper  notice  of  the  electric  teleffraph   which 
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appeared  in  America  was  in  the  New  York  Observer  in  the 
summer  of  1837.     I  will  read  yon  an  extract  from  it : 

"A  gentleman  of  our  acquaintance  several  years  since  sug- 
gested that  any  intelligence  might  be  communicated  almost  in- 
stantaneously Hundreds,  if  not  thousands  of  miles,  by  means  of 
very  fine  wires,  properly  coated  to  protect  them  from  moisture 
and  extending  between  places  thus  widely  separated.  It  is  well 
known  that  the  electric  fluid  occupies  no  perceptible  time  in 
passing  many  miles  on  a  wire,  and  if  it  is  possible  by  connecting 
one  end  of  the  wire  with  an  electrical  or  mlvanic  battery  to  pro- 
duce any  sensible  efect  whatever  at  the  other,  it  is  obvious  that  if 
there  are  twenty-four  wires,  each  representing  a  letter  of  the 
alphabet,  they  may  be  connected  with  the  battery  successively  in 
any  order,  and  if  so  connected  in  the  order  of  the  letters  of  any 
word  or  sentence,  that  word  or  sentence  could  be  read  or  written 
by  a  person  standing  at  the  other  end  of  the  wires.  All  the 
paragraphs  of  a  newspaper  could  thus  be  touched  by  a  man  in 
Philadelphia,  and  the  contents,  verbatim  et  literatum  conveyed 
to  New  York  as  fast  as  a  compositor  could  set  up  the  type! " 

It  has  always  been  a  mystery  to  me  what  inventioti  was  re- 
ferred to  in  that  article.  The  New  York  Observer  was  edited  at 
that  time  by  a  brother  of  Professor  Morse.  The  "  gentleman  of 
our  acquaintance"  referred  to,  was  no  doubt  Professor  Morse, 
but  what  was  meant  by  the  telegraph  of  twenty-four  wires  I 
could  never  make  out,  because  we  all  know  that  Morse  never 
entertained  any  idea  other  than  of  a  single-circuit  telegraph  at 
any  time  from  the  beginning  of  his  experiments  in  1 836,  or 
earlier.  But  I  received  a  few  days  since  a  letter  from  a  gentle- 
man who  had  read  some  articles  recently  published  by  me  in  ref- 
erence to  Davenport's  work,  in  which  he  stated  that  he  visited 
Davenport's  exhibition  in  the  summer  of  1837,  here  in  the  city 
of  New  York,  and  that  he  himself  saw  in  that  exhibition  a  model 
of  a  telegraph  of  twenty-four  wires  invented  by  Davenport,  and 
that  model  must  undoubtedly  be  the  telegraph  referred  to  in  the 
extract  I  have  just  read 

In  pursuing  my  investigations  into  the  history  of  Daven- 
port's work,  I  was  fortunate  enough  to  find  that  several  of  his 
original  models  were  still  in  existence.  One  of  these  models,  a 
circular  railway  two  feet  and  a  half  in  diameter  with  a  locomo- 
tive travelling  on  it,  similar  to  the  one  which  we  have  here  to- 
night but  very  much  more  finely  finished,  I  was  able  to  satisfy 
myself  by  contemporaneous  evidence  was  built  in  1837.  The 
one  which  is  before  you  was  found  in  the  cabinet  of  the  Female 
Seminary  in  Troy,  formerly  Miss  Willard's.     The  records  of^te 
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institution  show  that  it  was  purchased  in  1840,  but  it  evidently 
must  have  been  built  by  Davenport  himself  prior  to  the  more 
finely  finished  model  of  which  I  have  just  spoken,  which  was 
constructed  in  1836-7  with  the  assistance  of  Mr.  Ransom  Cook 
of  Saratoga,  a  very  ingenious  person  and  a  finished  mechanic. 
1  think  there  is  no  doubt  that  the  model  before  us  was  built  in 
the  early  part  of  1837  and  possibly  as  early  as  1836.  Fortim- 
ately  it  is,  as  you  see,  in  a  very  good  state  of  preservation.  I 
have  had  it  mounted  to-night   with   the  same  battery  that  was 
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found  with  it — a  three-cell  Grove  battery  of  pint  cups,  and  I 
think  we  shall  find  that  it  is  in  tolerably  fair  running  order. 
[The  model  was  set  in  motion.]  It  does  not  go  quite  a  hundred 
and  twenty  miles  an  hour,  but  it  goes.  This  locomotive,  you 
will  observe,  has  a  fixed  field  magnet  below,  and  a  revolving 
armature  above,  which  is  reversed  twice  in  every  revolution.  So 
far  as  I  am  able  to  discover,  that  is  a  combination  found  in  every 
practical  motor  to-day,  which  Davenport  was  the  first  to  make 
known  and  to  use  in  1834.     The  motor  is  connected  to  the  dofe 
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ing  axle  by  bevel-gear.  The  field  and  armature  in  the  model  be- 
fore you  are  connected  in  series  In  the  other  model  of  1837  of 
which  I  spoke,  they  are  connected  in  8himt  Among  other 
models  of  Davenport  was  one  having  a  horse-shoe  field  and  a 
four-pole  armature  with  curved  pole-pieces,  which  is  really  quite 
an  advanced  type  of  motor.  That  also  was  biiilt  in  1837.  Alto- 
gether, Davenport,  between  1884  and  1840,  built  over  100  motors 
of  diflEerent  patterns  and  of  varying  sizes,  scarcely  any  two  of 
them  alike.  I  discovered  also,  quite  to  my  surprise,  that  he  was 
undoubtedly  the  first  to  make  use  of  the  solenoid  with  a  mova- 
ble core  as  a  means  of  moving  machinery  of  any  kind.  lie  built 
in  1 839  quite  a  large  motor  operating  upon  that  principle,  which 
from  the  best  description  I  have  been  able  to  find  of  it,  must 
have  approached  one  horse  power.  He  set  that  up  at  42  Stanton 
St.,  in  New  York ;  attached  a  printing  press  to  it,  and  started  to 
publish  the  pioneer  electrical  journal  of  America — a  small  week- 
ly paper  called  "The  Electro-Magnet  and  Mechanics'  Intelli- 
gencer," printed  by  electrical  power.  Through  the  kindness  of 
Mr.  Davenport's  son,  Rev.  Willard  G.  Davenport,  I  have  the 
pleasure,  on  his  behalf,  of  presenting  to  the  American  Institute 
of  Electrical  Engineers  two  copies  of  that  paper.  [Applause.] 
These,  so  far  as  is  known,  are  the  only  editions  ever  published ; 
they  are  number  one  and  number  two.  This  was  in  1840.  I 
have  received  within  a  day  or  two  an  interesting  letter  from  Mr. 
H.  S.  Davenport,  a  nephew  of  Thomas  Davenport,  still  living  in 
Vermont  at  an  advanced  age,  who,  as  a  boy,  was  with  him  a  great 
deal  and  in  that  way  became  quite  familiar  with  his  work.  I 
will  take  the  liberty  of  reading  extracts  which  give  some  idea 
of  the  manner  of  man  Mr.  Davenport  was.     He  says  : — 

"  Many  of  his  models  never  left  his  shop  and  were  but  little 
known  even  at  the  time  of  their  construction.  They  were  only 
made  to  show  to  how  many  uses  the  power  could  be  applied,  and 
also  to  work  from  on  a  larger  scale,  if  he  could  get  pecuniary  aid  to 
do  so.  The  different  models  which  interested  me  most,  at  the 
several  times  I  was  in  his  shop,  were  a  trip-hammer,  a  turning 
lathe  and  a  machine  for  doubling,  twisting  and  reeling  cotton  or 
silk,  all  at  the  same  time.  A  circular  frame  fitted  with  two  in- 
tersecting tracks,  on  which  four  miniature  cork  images  glided 
around,  he  called  his  "  puppet-show."  He  was  naturally  of  a 
retiring  disposition,  but  when  waked  up  was  very  strong  in  argu- 
ment. His  two  favorite  subjects  were  nature  and  electro-mag- 
netism. He  considered  magnetism  the  most  important  element 
in  the  creation  of  the  universe  and  thought  it  would  be,  in  its  de- 
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struction.  Magnetism  kept  the  heavenly  bodies  in  their  places, 
and  if  that  failed  everything  would  be  turned  to  chaos.  He 
could  see  in  eveir  rock  of  tne  earth  the  batterv  of  which  it  was 
composed.  So  also  in  the  animal  kingdom,  t&e  bones,  muscles, 
and  olood  constituted  a  complete  battery,  which  exercised  a  re- 
pulsive or  attractive  force  with  respect  to  another  organism  of 
the  same  kind.  He  was  a  great  lover  of  fun  and  exceedingly 
fond  of  a  joke.  On  one  occasion  he  received  an  order  from  a 
party  in  Cnicago  for  half-a-dozen  bottles  of  electricity.  He  said 
ne  knew  by  the  tenor  of  the  letter  that  it  was  intended  as  a  joke, 
and  he  accordingly  replied  that  he  bottled  up  his  v)rath  for  such 
would-be  ignoramuses  as  he  was,  but  had  no  electricity  for  him." 
I  might  go  on  and  relate  many  other  facts  of  interest  which  I 
have  learned  about  Mr.  Davenport  and  his  inventions,  but  the 
honr  is  already  late,  and  I  will  forbear.  But  I  may  remark  in 
conclusion,  that  1  find  him  to  have  been  one  of  the  most  inter- 
esting characters  with  whom  I  have  ever  become  acquainted,  and 
I  cannot  but  feel  highly  gratified  that  my  attention  chanced  to 
be  directed  to  the  subject,  in  season  to  rescue  at  least  some  of  the 
more  important  of  his  work  from  impending  oblivion.  In  two 
or  three  years  more  it  would  have  been  too  late.  There  are 
people  now  living,  although  at  an  advanced  age,  who  knew  him 
and  remember  him  perfectly,  but  in  a  year  or  two  more  perchance 
they  will  be  gone.     [Applause.] 

Mb.  Ralph  W.  Pope: — Mr.  President,  1  move  that  the  gift 
of  Mr.  Davenport  be  accepted  by  the  Institute,  and  that  we 
tender  our  sincere  thanks  to  the  donor  for  these  very  interesting 
relics  of  the  early  days  of  electrical  investigation. 
[The  motion  was  carriea.] 

Thk  Pbesidbnt  : — The  report  of  the  Standard  Wiring  Com- 
mittee and  the  report  of  the  Committee  on  Amendment  to  the 
Patent  Law  are  to  come  up.    It  is  now  half-past  ten. 

Mb.  Lockwood  : — Mr.  President,  I  move  we  adjourn. 
[The  motion  to  adjourn  was  carried.] 
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AMERK^AN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS- 


Xew  York,  March  17,  1891. 

The  5r>tli  meeting  of  the  American  Institute  of  Electrical  En- 
gineers was  held  this  date,  at  No.  1 2  West  Thirty-first  street. 
The  meeting  was  called  to  order  by  President  W.  A.  Anthony. 

The  Pkesident: — Before  proceeding  with  the  regular  busi- 
ness of  the  evening,  the  Secretary  has  an  announcement  to 
make. 

The  Secretary  [Mr.  R.  AV.  Pope]  : — The  saH.  duty  falls  upon 
me  to  announce  oflBcially,  what  is  already  known  to  nearly  all  of 
you,  the  death  of  our  esteemed  young  member,  Mr.  Thomas  P. 
Conant  of  this  city.  District  Engineer  of  the  Edison  General 
Electric  Company,  who  died  on  the  24th  of  February,  the  date 
of  our  last  meeting.  At  the  meeting  of  Council  this  afternoon 
the  Secretary  was  instructed  to  prepare  a  suitable  sketch  of  his 
life  for  publication  in  the  Transactions,  which  will  be  read  at  the 
next  meeting  of  the  Institute. 

[Mr.  J.  J.  Carty  then  read  the  following  paper  on  Inductive 
Disturbances  in  Telephone  Circuits.] 
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A  pftptr  read  at  the SJtk  Meeting,  of  the  American 
Institute  of  Ehctrical  Eng^neerSy  New  York^ 
March  ijth,  iSgr.  President  W.  A .  A  ntkony 
i.i  the  Chair. 


INDUCTIVE   DISTURBANCES   IN    TELEPHONE 
(nRCUITS. 


BY  J    J.  CARTr. 


It  was  not  known  until  183S  that  tlie  earth  might  he  used  in- 
stead of  a  return  wire  in  the  circuit  of  a  telegmj)li  line.  This 
fact  was  discovered  hv  Stelnheil,  Avhile  making  experiments  to 
(letermine  whetlier  the  track  of  a  railroad  could  be  used  to  com- 
j)lete  the  circuit  instead  of  a  return  wire.  SteinheiTs  discovert' 
lias  been  considered  as  one  of  the  most  important  in  the  art  of 
telegraphy,  and  since  his  time  it  has  been  the  almost  universal 
practice  to  use  the  earth  as  a  return  in  telegraph  circuits.  When, 
however,  the  earth  return  is  used  with  the  telephone,  it  is  found 
that  owing  to  the  extreme  sensitiveness  of  that  instrument, 
many  foreign  currents,  which  would  produce  but  little  effect  on 
telegrajih  instruments,  become  a  source  of  sei'ious  trouble.  For 
this  reason,  in  telephony  it  is  often  necessary  to  use  a  complete 
metallic  circuit.  Thus  it  has  come  to  pass  that  a  return  to  the 
original  practice  of  employing  metallic  circuits,  as  in  the  case  of 
the  crudest  telegraph  instruments,  is  now  regarded  as  a  most  im- 
portant improvement  in  connection  with  that  most  highly  de- 
veloped of  telegmph  instruments,  the  telei)hone. 

To  obtain  complete  freedom  from  inductive  disturbances  in 
the  telephone,  it  is  necessary  not  only  to  use  a  metallic  circuit, 
but  to  place  the  two  wires  composing  the  circuit  in  a  special 
relation  to  the  source  of  disturbance.  One  of  the  methods  of  so 
arranging  the  wires  is  shown  in  Fig.  1. 

In  this  case  the  two  sides  of  the  circuit  il^  and  l'  are  twisted 
spirally  about  each  other,  so  that  their  average  distance  from  the 
<listurbing  wire  i)  shall  be  the  same.     With  such  a  plan,  the  tele- 
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phones  a  and  h  are  not  affected  by  induction  from  the  wire  l^. 
This  fact  has  usually  been  explained  by  assuming  that  a  current, 
commencing  to  flow  in  l\  tends  to  induce  two  currents  in  the  op- 
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Fio.  1. 
pusite  direction  to  itself,  one  in  the  wire  l'^  and  the  other  in  the 
wire  l'  ;  that  both  currents  are  of  the  same  strength  because  the 
average  distance  of  l^  and  l^  from  the  disturbing  wire  l^  is  the 
same ;  and  that  the  telephones  a  and  h  are  silent  because  they  are 
acted  upon  by  two  equal  and  opposite  forces.  The  above  theory 
seems  at  first  sight  to  be  correct,  and  indicates  the  line  of  explana- 
tion adopted  in  many  works  treating  of  the  subject.^ 

I  have  made  a  number  of  experiments  which  seem  to  prove 
that  in  the  case  described,  the  inductive  action,  instead  of  tending 
to  produce  a  simple  current  in  each  side  of  the  metallic  circuit, 
actually  docs  produce  a  number  of  different  currents  in  each 
wire  and  in  both  directions. 

In  Fig.  2,  I?  and  l'  are  two  well  insulated  copper  wires,  500 
feet  long  and  three  feet  apart.  These  wires  are  joined  together 
at  each  end  through  an  ordinary  telephone,  i.*  is  a  well  insulated 
wire  similar  to  the  other  two  and  placed  within  one-half  an  inch 
of  L^.  At  one  end  of  l^  is  placed  a  Blake  transmitter  t  and  at 
the  other  end  is  placed  a  subscriber's  bell  s;  l^  being  grounded  at 
both  ends  as  shown.  When  the  transmitter  t  is  operated,  either 
by  speaking  into  it  or  by  vibrating  a  powerful  tuning  fork  in 
front  of  it,  disturbances  are  produced  at  the  end  telephones. 
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Fig.  2. 

If  telephones  are  inserted  at  the  centre  of  l^  and  l'  it  is  found 
that  at  those  points  no  sound  is  heard,  while  the  noise  of  the  end 
telephones  continues  as  before.     This  constitutes  a  simple  ease 

1.  "A  Handbook  of  Practical  Telegraphy,"  R,  8.  Culley,  1885,  p.  880. 
"The  Telephone/'  Preece  &  Maier,  1889,  p.  184.  "Die  Technik  des Fern- 
•piechweeeDs/'  Dr.  V.  Wietlisbach,  1886,  p.  185.  t^ 
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of  inductive  disturbance,  and  can  only  be  explained  by  assuming 
that  the  wire  l^  acts  electrostatically  upon  the  circuit  composed 
of  L^  and  L^  or  in  other  words,  that  we  are  dealing  with  a  system 
of  condensers  in  series,  of  which  i)  constitutes  one  plate,  the  earth 
another  and  the  wires  i?  and  l',  two  intermediate  plates  which  are 
joined  together  through  the  end  telephones. 

Let  us  assume  that  at  a  given  instant,  the  height  of  potential 
along  the  wire  l^  is  represented  by  the  lines  a  b  and  c  rf,  and  the 
charge  upon  l^  by  the  rectangle  ah  c  d.  The  presence  of  this 
charge,  which  we  will  say  is  of  the  minus  sign,  is  accompanied 
by  an  equal  but  plus  charge  on  l'.  This  produces  a  minus 
charge  on  the  wire  l',  which  in  turn  acts  upon  the  earth.  Now 
we  will  assume  that  the  potential  on  i.^  is  reduced  to  zero.  This 
causes  a  restoration  of  the  equilibrium  in  the  circuit  composed  of 
L^and  L*,  which  is  accompanied  by  a  set  of  currents  as  represented 
by  the  arrows.  The  plus  charge  on  l^,  flowing  through  the  end 
telephones,  neutralizes  the   minus  charge  on  l',  thus  leaving  a 
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Fig.  8. 
neutral  point  at  the  centre  of  each  of  the  wires  i?  and  l^ 

In  this  and  the  succeeding  experiments  the  induced  charges  are 
represented  by  rectangles.  This  is  not  a  strictly  accurate  method, 
but  as  an  error  in  this  respect  only  affects  the  result  quantitatively, 
and  cannot  alter  the  conclusions,  I  have  adopted  it  on  account 
of  the  simplicity  of  treatment  which  it  permits. 

The  i)otential  along  the  wire  l*  at  a  given  instant  is  represented 
as  being  constant,  as  it  is  found  that  owing  to  the  high  impe- 
dance in  the  instrument  s,  there  is  practically  no  fall  of  potential 
in  the  wire  itself.  Furthermore,  it  was  found  in  the  experiments 
about  to  be  described  that  the  results  were  the  same  whether  the 
disturbing  wire  was  open  or  connected  to  earth  through  the 
bell  s.  There  would  be  a  fall  of  potential  along  the  wire  i}  if  it 
were  of  such  a  length  as  often  found  in  practice,  and  the  distribu- 
tion of  the  charge  would  be  modified  accordingly.  But  as  this 
:fact  would  only  affect  the  location  of  the  neutral  points,  the 
question  of  the  fall  of  potential  will  not  be  taken  into  considera- 
tion, and  tlie  disturbing  wire  will  be  shown  open  at  one  end.     j 
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Fig.  3  shows  the  same  circuits  as  used  in  the  previous  experi- 
ment, except  that  the  wires  l^  and  l'  are  caused  to  change 
places  at  their  centres  but  are  continued  in  the  same  plane,  as  in 
Fig.  2.  This  is  what  is  called  a  ''transposition"  The  tele- 
phones at  the  ends  and  in  the  middle  are  retained  as  before.  Un- 
der these  conditions,  when  the  transmitter  is  operated,  a  diminish- 
ed sound  is  heard  at  a  and  b ;  and  x  and  y,  instead  of  being  silent 
as  in  the  first  case,  now  emit  a  sound  of  the  same  intensity  as  a 
and  b.  When  telephones  are  placed  at  the  quarters  Z,  m^  n,  Oy 
the  sounds  at  a  i  and  x  y  continue  as  before,  but  nothing  is  heard 
at  Z,  m,  n,  o.  The  effect  of  this  one  transposition  has  been  to  re- 
duce the  disturbance  at  the  end  telephones  a  and  b^  and  to  cause 
a  shifting  of  the  neutral  points  from  the  centres  to  the  quarters, 
and  an  increase  of  their  number  from  two  to  four. 

An  examination  of  the  induced  charge  shows  how  these  results 
have  been  brought  about.  It  will  be  seen  by  reference  to  Fig.  3, 
that  there  is  on  the  first  half  of  l^  a  positive  charge,  and  on  the 
second  half  a  negative  charge,  and  ontliefii-sthalf  of  l^  a  negative 
ch  irge,  and  on  the  second  half,  a  positive  charge.  When  the 
positive  charge  on  l^  discharges,  half  of  it  goes  through  the  tele- 
phone a,  and  half  through  the  telei)hone  y.  The  positive 
charge  on  l'  escapes  in  a  similiar  manner,  half  going  through 
telephone  a?,  and  half  through  telephone  J.  This  produces 
four  currents,  two  starting  from  point  I  and  two  starting  from 
the  point  n.  One  of  the  currents  from  I  meets  a  current  at  Oy 
coming  from  the  point  /?,  and  one  of  the  currents  starting  at  the 
point  n  meets  a  current  at  in^  which  started  from  I,  The  currents 
flowing  through  the  end  telephones  in  this  case  are  not  so  strong 
as  when  no  transposition  is  employed,  because  they  are  due  to  an 
induced  charge  which  is  represented  by  an  area  half  as  great.  It 
is  found  that  as  the  number  of  transpositions  is  increased  the  number 
of  neutral  points  is  also  increased,  and  that  the  area  representing 
the  charge,  which  escapes  through  the  end  telephones  is 
reduced.  To  obtain  silence,  therefore,  it  is  necessary  to  increase 
the  frequency  of  transpositions  until  the  discharge  through  the 
end  telephones  is  so  small  as  not  to  produce  sounds  therein.  Fig. 
4  shows  a  circuit  containing  three  transpositions,  one  at  the  centre 
and  one  half  way  between  the  centre  and  each  end.  In  this  case, 
if  we  could  neglect  the  resistance  of  the  telephones,  the  current 
going  through  the  ends  would  be  reduced  to  one  fourth  of  its 
original  proportions,  and  eight  neutral  points  would  be  produced, 
one  in  each  wire  at  the  centre  of  each  transposition.®^  ^^^^^^S*^^ 
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In  practice  the  impedance  of  the  telephones  must  be  taken  into 
consideration,  so  that  if  in  Fig.  3,  the  middle  telephones  x  and  y 
were  omitted,  the  neutral  points  wonld  be  found  to  move  towards 


Fio.  4. 
Ae  ends,  and  the  currents  flowing  through  the  end  telephones 
would  be  correspondingly  reduced. 

According  to  this  theory  of  transpositions,  if  the  instruments 
and  distances  between  wires  on  a  given  circuit  remain  constant 
for  a  given  period  of  alternations  in  the  disturbing  wire, 
the  number  of  transpositions  necessary  to  obtain  silence  will  de- 
pend on  the  E.  M.  F.  of  the  disturbing  wire,  and  the  specific  in- 
ductive capacity  of  the  dielectric.  An  increase  in  the  value  of 
either  of  these  factors  will,  if  silence  is  to  be  maintained,  require 
additional  transpositions,  their  number  depending  upon  the  value 
of  the  change  which  is  made. 

Where  the  disturbing  wire  is  placed  at  an  equal  distance  from 
both  sides  of  a  metallic  circuit,  no  noise  is  produced  in  telephonea 
located  in  that  circuit,  and  a  balance  once  being  obtained,  it  is 
independent  of  both  the  e.  m.  f.  of  the  disturbing  wire  and  the 
specific  inductive  capacity  of  the  dielectric.  Fig.  5  shows  such 
an  arrangement  of  circuits  — l'^  and  l^  are  the  two  wires  composing 
the  metallic  circnit  placed  the  same  distance  apart  as  before,  and 
the  disturbing  wire  is  at  an  equal  distance  from  both.  When  the 
disturbing  wire  is  in  operation,  no  sound  is  heard  at  the  end 
telephones,  or  at  telephones  located  at  the  centres.  This  may  be 
accounted  for  by  assuming  that  at  a  given  instant  a  negative 
charge  is  on  the  disturbing  wire,  which  produces  a  positive  charge 
on  the  inside  of  l'  and  l"  and  a  negative  charge  on  the  outside  of 


Fig.  6. 

those  wires ;  and  that  when  the  charge  is  removed  from  the  dis- 
turbing wire,  a  set  of  currents  is  set  up  in  the  wires  l*  and  l'  in  a 
direction  at  right  angles  to  their  axes,  as  shown  by  the  arrows.     In 
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this  case  the  flow  is  lateral,  and  no  cnrrent  passes  through  tlie  eini 
telephones  or  through  telephones  l(»eated  at  the  centres.  It  will 
thus  be  seen  that  this  method  of  arranging  wires  differs  essentially 
in  its  action  from  the  plan  of  using  transpositions.  Unfortunately, 
however,  its  practical  application  is  limited  to  two  circuits. 

Where  the  disturbing  wire  occupies  the  position  shown  in  Fig. 
5,  the  flow  in  the  conductors  is  lateral  only  when  the  wires  i/  and 
L*  are  insulated  from  the  earth.  If  a  ground  be  attached  to  the 
centre  of  l^,  as  shown  in  Fig.  6,  the  flow  of  current  becomes  long- 
itudinal, and  the  telephones  a  and  h  are  found  to  be  affected  by 
loud  disturbances,  while  the  telephone  a?,  at  the  centre  of  l^  is 
found  to  be  silent.  This  is  because  the  disturbing  wire,  which 
we  will  say  is  negatively  charged,  induces  a  positive  charge  upon 
I?  and  l'  and  a  negative  charge  upon  the  earth.  The  discharge 
in  this  cavse  is  effected  by  two  currents  starting  from  d\ 
which  thus  becomes  a  neutral  point,  and  passing  through  the  end 
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telephones  to  the  ground  as  shown  by  tiie  arrows.  If  the  ground 
be  removed  from  the  point  y  toward  the  telephone  ^^  the  neut- 
ral point  will  l»e  found  to  move  toward  telephone  J,  and  if  the 
ground  be  put  at  the  centre  of  resistance  of  the  teleplume  r/,  the 
neutral  point  will  be  found  to  be  at  the  centre  of  the  telephone 
i.  This  is  well  illustrated  in  Fig.  7,  where  a  and  h  are  telephones 
of  special  construction,  admitting  of  the  attachment  of  ground- 
ing keys  K^  and  k'^  at  their  respective  centres.  In  this  instance, 
when  the  disturbing  wire  is  in  operation  and  both  keys  open,  no 
sound  is  heard  at  any  of  the  telephones,  the  flow  of  current  being 
lateral.  If  the  key  k*  be  closed,  sound  is  immediately  heard  at 
telephones  x  and  y  located  at  the  centres  of  l*  and  l",  but  the  tele- 
phones a  and  h  are  still  silent.  This  is  because  the<;harge  and  dis- 
charge take  place  along  the  conductors  l'  and  l'^  to  and  from  the 
earth  at  k^,  thus  passing  through  x  and  y,  a  being  silent  because 
th3  currents  go  through  it  differentially,  and  h  is  silent  because  it 
is  located  at  a  neutral  point.     To  prove  that  current  flows  throuiqli 
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telephone  «,  another  teleplione  may  be  inserted  in  the  ground 
brancli  at  k\  and  it  will  be  found  to  be  loudly  affected.  If  both 
keys  K^  and  k^  are  closed,  silence  is  again  obtained  in  the  four  tele- 

■  f^ — ff — ^ 

Fig.  7. 
phones  a,  J,  a?,  y.  In  this  case  the  charge  and  discharge  from  the 
wires  i?  and  l*  divide  at  the  centre  and  flow  back  and  forth  at  both 
ends,  .rand  y  being  silent  because  they  are  at  neutral  points,  and 
a  and  h  are  not  affected  by  the  currents  which  flow  through  them 
because  of  the  differential  action  referred  to. 

Two  systems  have  now  been  described,  one  in  which  the  in- 
duced current  is  lateral,  and  the  other  in  which  it  is  longitudinal. 
1  think  it  follows  from  the  foregoing  experiments,  that  where 
wires  arj  twisted  about  each  other  as  shown  in  Fig.  1,  both  of 
these  actions  are  combined.  At  the  left  hand  of  Fig.  S,  a  cross- 
section  of  the  three  wires  l^  i?  and  l^  [Fig.  1.]  is  shown.  In 
this  position  the  wires  occupy  a  place  with  reference  to  each  other 
exactly  as  in  Fig.  2,  and  the  tendency  of  the  disturbing  wire  is 
to  cause  a  longitudinal  flow  in  i}  and  l^  If  repeated  cross- 
sections  of  these  wires  are  made,  a  point][will  be  reached  at  which 
the  three  wires  aie  disposed  as  shown  at  the  right  hand  of  Fig.  8, 
where  it  is  seen  that  the  disturbing  wire  l^  is  at  an  equal  distance 
from  L^  and  l'^,  and  the  tendency  is  to  produce  a  lateral  flow, 
'i'he  actual  currents  produced  must  be  the  resultant  of  these  two 
actions. 

F'ig.  9  shows  a  plan  quite  different  in  principle  from  anything 
heretofore  employed.  It  is  of  interest  not  so  much  on  account 
of  any  practical  application  which  it  may  have  at  present,  but 
because  it  is  a  XQry  striking  proof  of  the  electrostatic  nature  of 
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Fig.  8. 
inductive  cross-talk  between  telephone  circuits, 
the  same  wires  as  used  in  the  previous  cases,  l^  being  half  an  inch 
from  lA  with  the  addition  of  an  extra  wire  l^  placed  half  an  inch 

'  *      Digitized  by  VJ^^^^VIV^ 
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from  l'  and  joined  by  a  conductor  w  with  the  disturbing  wire  l^  l' 
a  id  L*  are  three  feet  apart.  When  in  this  condition  the  transmitter 
is  operated,  no  disturbance  whatever  is  heard  in  the  end  tele- 
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Fig.  9. 

phones;  if  tlie  wire  w  be  disconnected,  the  usual  noise  is 
heard,  but  is  found  to  disappear  as  often  as  l^  and  l*  are  joined 
together.  This  action  is  explained  by  the  fact  that  l^  is  at 
the  same  potential  as  l\  on  account  of  being  joined  to  it  by  the 
wire  Wy  and  acts  with  the  same  force  on  l'*  that  l^  does  on  l^. 
The  flow  in  this  case  is  lateral,  as  indicated  by  the  arrows  ;  and  the 
telephones  are  silent. 

Neutral  points  may  be  produced  in  a  circuit  by  the  use  of 
shunts.  Fiii;.  10  shows  the  usual  arrangement  of  circuits  with  the 
telepliones  a  and  b  at  the  ends,  and  another  telephone  x,  of  equal 
impedance  branched  between  the  two  wires  at  the  centre.  In  this 
case  four  neutral  points  are  found,  two  in  each  wire.  The 
currents  produced  l»y  the  discharge  are  indicated  by  the 
arrows.  Thus  by  tlie  addition  of  one  slmnt,  the  disturbing  cur- 
rents in  the  end  telephones  have  been  reduced  one  half .  If 
similar  shunts  were  placed  at  the  quarters,  the  currents  at  the 
end  telephones  would  be  still  further  reduced  to  one-quarter  of 
their  original  strength. 

This  plan  is  not  a  practicable  one  because  of  its  shunting  eflEect 
on  the  telephone  current,  but  is  of  value  as  showing  one  of  the 

Fig.  10. 

actions  which  occur  when  instruments  are  bridged  into  metallic 
circuits.  It  is  interesting  to  note  that  in  Fig.  10  the  telephone 
X  is  aflEected  by  a  current  twice  as  great  as  that  which  flows 
through  either  of  the  end  telephones. 

Before  closing  I  shall  describe  one  more  experiment.  In  Fig. 
11,  L^  is  the  disturbing  wire  and  l^  is  a  grounded  telephone 

'  1     /•  1  A  digitized  by  ^^J       * 

circuit  placed  one  half  an  inch  from  l\     At  the  centre  of  i?  there 
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U  an  or  Ji  J  iry  telephons  rep3ating  coil  or  transformer  c,  containins; 
two  windings  e  and/  of  copper  wire,  each  having  a  resistance  of 
160  ohms.  One  end  of  each  winding  is  grounded,  and  the  other 
end  is  connects  J  to  the  line  as  shown.  Assuming  that  the  impe- 
dance of  each  telephone  i^  equal  to  that  of  each  coil  of  the  trans- 
form 2r,  a  neutral  point  will  be  found  at  the  centre  of  each  half 
of  L^,  and  the  disturbing  currents  flowing  through  the  end  tele- 
phones will  be  only  half  as  strong  as  though  the  transformer  were 
omitted.  If  now  the  connections  of  the  transformer  be  reversed 
so  that  the  discharges  from  the  two  sections  of  line  pass 
through  it  in  opposite  directions,  no  magnetism  will  be  produced 
in  the  core  X*,  and  consequently  the  transformer  coils  oflEer  an  easier 


Fig.  11. 

path  to  the  discharge.  This  causes  the  neutral  points  to  move 
toward  the  end  telephones  and  consecjuently  reduces  the  disturb- 
ance still  further. 

I  have  not  had  an  opportunity  of  trying  this  experiment  with 
a  transformer  whose  coils  contained  a  low  copper  resistance  and  a 
high  inductance,  but  according  to  theory,  we  might  expect  that 
such  a  transformer  having  its  coils  connected  differentially,  should 
free  a  grounded  line  of  considerable  length  from  cross-talk  and 
other  electrostatic  disturbances.  The  number  of  such  coils  which 
can  be  worked  in  a  given  line  is  of  course  limited,  but  with  pro- 
perly designed  apparatus  a  large  number  of  them  might  be  used. 
This  arrangement  is  also  interesting  when  considered  with  refer- 
ence to  electromagnetic  induction,  and  brings  to  mind  a  question 
as  to  whether  we  may  not  at  some  future  time  abandon  the  use 
of  metallic  circuits  and  again  make  use  of  Steinheil's  discovery. 


The  Presidknt  : — A  note  has  been  received  from  Mr  Thomas 
D.  Lockwood  in  discussion  of  this  paper. 

The  Secretary  : — In  behalf  of  Mr.  Lockwood  I  wish  to  make 
an  explanation  in  regard  to  this  note  which  he  has  sent.  lie  was 
very  anxious  to  be  present  at  this  meeting,  but  was  unable  to  at- 
tend, as  he  sailed  to-day  for  Jamaicci.  lie  has  been  associated 
with  Mr.  ('arty  and  is  familiar  with  his  work,  and  understanding 
very  well  whit  Mr.  Carty's  idea^  were,  ho  wrote  this  note  and 
sent  it  to  me,  expecting  to  sail  last  week,  but  he  ^#af  "(f^MneW,<^o" 
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I  sent  him  the  proof  Mr.  Carty's  paper  and  a  proof  of  his  own 
note,  which  has  heen  revised  accordingly.  [The  Secretary 
read  Mr.  Lockwood's  note,  as  follows :] 

Discussion.* 


[Communicated  by  Thomas  D.  Lock  wood.] 

I  understand  that  Mr.  Carty's  paper  is  to  be  read  this  month. 
If  in  that  understanding  I  am  correct,  I  regret  exceedingly  that 
it  is  not  in  my  power  to  be  present  with  you  in  a  tangible  form. 
It  is  moreover  difficult  to  make  a  written  communication  upon  a 
topic  which  as  yet  is  unannounced,  but  as  I  have  some  reason  to 
believe  that  Mr.  Carty  will  speak  upon  the  subject  which  he  has 
largely  made  his  own,  I  will  have  the  temerity  to  hazard  a  word 
or  two. 

If  Mr.  Carty  continues  to  hold  the  views  of  two  y^ars  back,  I 
•  understand  him  to  believe  that  electrostatic  in  contradistinction 
to  electromagnetic  induction  is  chargeable  with  the  major  amount 
of  discredit  as  an  agency  in  disturbances  on  telephone  lines;  or  at 
any  rate,  that  it  is  a  much  more  important  agent  in  the  develop- 
ment of  such  disturbance  whether  noise  or  cross-talk  than  has 
been  supposed. 

From  long  experience  and  observation,  it  appears  to  me  that 
the  several  agencies  in  causing  disturbing  phenomena  in  telephone 
circuits  which  manifest  themselves  in  the  telephone  receiver  pre- 
ponderate largely  in  accordance  with  the  conditions  of  the  circuit; 
that  the  environment  (to  use  the  language  of  social  science)  of  a 
telephone  circuit  has  a  good  deal  to  do  with  its  behavior.  Thus 
a  line  which  has  considerable  leakage  uniformly  distributed 
throughout  its  length,  will  suffer  vi  ry  little  from  electrostatic 
induction  either  manifested  as  a  disturbance  or  as  a  retarding 
agency ;  not  because  the  ilectrostatic  induction  is  not  exercised,  or 
is  not  present ;  (or  to  put  in  a  more  modern  and  I  think  a  more 
correct  phraseology),  not  because  inductive  circuits  are  not  formed; 
but  because  there  being  by  virtue  of  the  leakage  or  poor  insula- 
tion an  opportunity  for  a  number  of  short-cut  or  cross-conductive 
circuits,  these  are  utilized  for  the  conduction  of  the  electricity,  per- 
mitting the  establishment  of  equilibrium  or  discharge,  at  the  ex- 
pense of  the  utilization  of  the  inductive  circuits  which  tend  to 
retain  charge.      The  phenomena  exhibited,  is  comparable  to  a 

1  By  Messrs.  Lockwood,  Kennelly,  Anthony,  FrescottogBdl.bMiiil^v^^i^, 
Crocker,  Upton  and  R.  W.  Pope. 


110  CART7  ON  INDUCTIVB  DISTURBANCES,  [Mar.  17, 

gallon  vessel,  say,  in  which  liquid  may  be  poured ;  but  which  has 
a  number  of  holes  l)ored  through  its  sides.  The  vessel  has  a  ca- 
pacity of  one  gallon,  but  being  leaky  does  not  hold  its  charge,  and 
the  said  charge  is  dissipated  as  quickly  as  it  is  formed.  In  this 
case,  leakage  tends  if  accentuated,  to  become  the  chief  adverse 
agency,  as  not  only  does  a  leaky  circuit  dissipate  induced  charges 
quickly,  but  it  also  permits  stray  currents  which  may  disturb,  to 
come  on  the  lines  from  external  points. 

As  a  matter  of  fact  the  several  disturbances  upon  telephone 
lines  are  due  to  a  large  variety  of  causes.  It  is  customary  to  say 
that  the  tele|)hone  is  an  extremely  sensitive  electroscope,  or  gal- 
vanoscope ;  and  that  it  will  take  cognizance  of  almost  infinitely 
small  currents.  This  statement,  however,  should  be  made  with 
some  reservation. 

The  more  correct  statement  is  of  course,  that  the  telephone  is 
a  sensitive  indicator  of  changes  in  electrical  currents. 

A  current  may  bo  caused  to  circulate  through  its  helices  which 
is  sufficiently  strong  to  make  them  warm,  but  if  that  current  be 
steady,  it  will  not  be  able  to  produce  a  sound  in  the  telephone. 
Telephone  disturbances  then,  broadly  stated,  can  result  only  from 
changes  which  occur  in  the  electric  condition  of  the  circuit  within 
which  the  telephone  is  included,  and  these  changes  may  be  pro- 
duced by  conduction  from  other  electrical  organizations;  by 
electromagnetic  induction,  sometimes  brought  about  by  changes 
going  on  in  substantially  parallel  circuits,  and  sometimes  caused 
by  the  mechanical  motion  of  the  disturbed  circuit  itself  in  a 
magnetic  field;  as  when  a  line  swings  across  the  magnetic 
meridian  of  the  earth ;  and  by  the  successive  charges  and  dis- 
charges which  cause  the  alternate  completing  and  disrupting  of 
electrostatic  inductive  circuits. 

If  we  exhaustively  examine  the  literature  of  the  subject  we 
shall  find  that  the  idea  that  electrostatic  phenomena  are  concerned 
in  disturbances  of  telephone  and  telegraph  circuits,  is  by  no 
means  new.  Mr.  Culley  presented  a  paper  once  upon  this  sub- 
ject, before  the  Society  of  Telegraph  Engineers ;  which  paper 
together  with  a  most  instructive  discussion  is  published  in  the 
journal  of  that  society,  and  Mr.  Preece  and  myself  from  time  to 
time  have  also  repeatedly  referred  to  it.  It  is  due,  however,  to 
Mr.  Carty  to  say  that  his  considerations  and  researches  in  this 
line  show  him  to  be  an  original  and  independent  thinker  and 
()l)3erver,  and  that  I  have  found  his  work  to  be  instructive  in  the 
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I  think  while  he  is  undoubtedly  right  in  attributing  a  large 
share  of  inductive  disturbance  in  telephone  linee  to  electrostatic 
influences,  that  he  does  not  give  sufficient  weight  to  the  equally 
undoubted  fact,  that  electromagnetic  induction  is  also  an  im- 
portant factor ;  and  that  as  I  have  already  pointed  out,  the  con- 
ditions of  any  individual  circuit  largely  govern  its  action.  An 
interposed  plate  or  an  envelope  of  metal  between  the  disturbed 
and  disturbing  circuits,  will,  if  sufficiently  thick,  and  if  united  to 
earth,  screen  so  much  of  the  induction  as  is  electrostatic  in  its 
origin ;  but  it  will  not  screen  electromagnetic  induction  ;  and 
thus  whenever  it  is  worth  while  the  sources  of  inductive  distur- 
bances can  be  analyzed.  And  while  the  inductively  neutral 
metallic  circuit, — the  circuit  with  two  wires  closely  adjacent  and 
twisted  together, — is  indeed  a  specific  against  electromagnetic 
inductive  disturbance,  it  also  tends  to  increase  the  retarding 
effect  of  electrostatic  induction  exercised  between  the  two  wires 
of  the  circuit. 

Some  of  the  considerations  which  tend  to  delay  the  universal 
employment  of  metallic  circuits  in  telephony  are,  however,  that 
there  are  an  immense  number  of  wires  even  when  but  one  is  used 
to  a  circuit ;  that  twice  the  number  of  wires  means  twice  the 
number  to  get  out  of  order,  to  cross,  break  and  leak,  and  conse- 
quently twice  the  number  to  take  care  of,  and  handle. 

I  hardly  think  that  sufficient  thought  is  given  to  these  matters 
by  many  who  talk  glibly  about  the  necessity  and  essentiality  of 
using  metallic  circuits  only,  for  all  classes  of  telephone  work. 

In  conclusion  I  wish  to  suggest,  that  inasmuch  as  the  telephone 
only  notes  electrical  changes,  we  cannot  accurately  say  that 
sounds  can  be  produced  in  it  by  electrostatic  charge. 

It  is  the  fact  that  it  is  the  motion  caused  in  the  act  of  forming 
and  dissipating  charge  that  produces  the  disturbing  sound.  But  a 
charge  in  the  act  of  formation  or  dissipation  is  practically  a  cur- 
rent ;  and  as  a  current  in  the  act  of  change,  it  necessarily  varies 
also  the  magnetic  field  constituted  by  the  circuit  within  which  it 
is  circulating ;  and  as  a  further  consequence  therefore  sets  up 
in  an  adjacent  and  disturbed  circuit  electromagnetic  induction 
currents.  Thus  the  disturbing  action  is  a  compound  one ;  oper- 
ating first  by  the  successive  inductive  charges  and  discharges 
induced  in  the  disturbed  circuit,  by  the  changes  occurring  in  the 
disturbing  circuit ;  and  secondly,  by  electromagnetieally  induced 
currents  developed  in  the  disturbed  circuit  bv  ehanws  in  the 
magnetic  field  constituted  by  the  disturbing  circuit.  ^ 
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The  Pkesident  : — Discussion  of  the  paper  is  now  in  order. 
The  discussion  will  be  opened  by  Mr.  Kennelly. 

Mr.  a.  E.  Kkxvelly: — Mr.  President  and  gentlemen;  the 
very  interesting  experiments  we  have  just  heard  described  can 
leave  no  doubts  in  the  minds  of  any  oi  us  that  electrostatic  in- 
duction has  a  very  important  influence  in  disturbance  between 
parallel  telephonic  lines,  and  assuming  that  the  experiments  are 
truly  represented — and  I  am  far  from  desiring  to  impugn  them — 
there  can  be  no  question  that  electrostatic  capacity  is  chargeable 
with  all,  or  nearly  all  the  disturbance  that  was  occasioned  in  them 
under  those  conditions.  But  the  general  question  of  mutual  dis- 
turbance between  telegraphic  or  telephonic  conductors  is  a  verv 
broad  and  a  very  vexed  one.  If  two  wires  run  parallel  to  eacn 
other  and  current  flow  through  one,  we  must  have  electromag- 
netic disturbance.  This  was  one  of  Faraday's  original  experi- 
ments :  and  we  must  also  have  electrostatic  disturbance.  The 
question  is,  whether  we  are  entitled  to  calculate  upon  what  propor- 
tion of  the  disturbance  is  due  to  one  and  what  to  the  other.  In  this 
case,  as  in  so  many  others,  the  question  of  jurisdiction  arises.  It  is 
sometimes  asked,  have  we  suflicient  knowledge  of  the  laws  of 
nature  in  this  particular  instance  to  rely  upon  the  results  of  cal- 
culation, and  tiie  answer  is,  apparently,  that  we  have.  Because, 
however  limited  our  knowledge  of  the  laws  of  nature  may  be,  it 
seems  to  be,  in  this  instance,  suflScientiy  perfect  to  answer  the 
purposes  of  the  inquiry.  Just  as  when  we  let  a  stone  fall  to  the 
ground,  if  any  one  were  to  ask  us  if  we  had  the  right  to  predict 
by  calculation  what  the  result  of  that  fall  would  be,  we  could  say 
that  to  a  certain  degree  of  accuracy  we  could  certainly  do  so,  by 
treating  the  stone  as  a  rigid  body,  and  the  laws  of  rigid  bodies 
are  simple  and  comparatively  well  understood.  But  ii  we  had  to 
undertake  to  say  exactly  what  the  conditions  would  be,  then  we 
should  have  to  come  to  the  molecule,  and  our  knowledge  of  the 
molecule  is  at  present  unfortunately  rather  indefinite. 

The  theory  of  this  subject  has  been  treated  by  several  writers, 
from  time  to  time,  and  particularly  it  has  been  very  ably  treated 
by  Oliver  Heaviside  in  the  Journal  of  the  Society  of  Electrical 
Engineers  of  London,  in  the  February  number,  1881. 

I  have  endeavored  to  obtain  some  quantitative  notion  of  how 
much  electrostatic  disturbance  and  now  much  electromagnetic 
disturbance  would  take  place  in  Mr.  Carty's  Figure  2,  by  assum- 
ing certain  definite  quantitative  relations  between  those  circuits. 
We  suppose  that  l*  and  i}  are  half  an  inch  apart,  and  all  wires 
are  No.  12  B  &  S  gauge  copper,  also  that,  l*  is  so  far  remote 
that  its  inductive  influence  on  the  others  and  the  influence  of  the 
others  upon  it,  may  be  omitted  from  the  calculation.  Then 
it  is  easy  to  find  out  how  much  electrostatic  induction  there 
would  be,  supposing  electromagnetic  action  absent,  and  how 
much  electromaffnetic  action  takes  place  between  the  two,  sup- 
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pjsing  electrostatic  disturbance  did  not  take  place.  To  avoid  very 
great  complexities  which  would  take  long  to  follow  out  to  their 
ultimate  consequences,  that  perhaps  is  a  fair  comparison.  Under 
those  circumstances,  supposing  that  electrostatic  influence  existed 
alone  and  then  afterwards  electromagnetic  influence  existed  alone, 
with  four  telephones  in  the  secondary  circuit,  whose  resistance, 
we  might  suppose,  would  be  75  ohms  each,  and  whose  inductance 
might  oe  90  millihenrys  apiece,  then  if  the  primary  circuit  had 
a  periodic  electromotive  force  acting  upon  it,  such  as  would 
correspond  for  example  to  the  note  A  sounded  in  the  telephone 
at  4«)0,  or  more  accurately,  435  periods  per  second,  it  would  be 
necessary  to  insert  an  impedance  in  the  primary  circuit  equal  to 
40oohm8  in  order  to  have  electromagnetic  action  equal  to  electro- 
static action.  The  fact  Mr.  Carty  has  mentioned,  that  the  im- 
pedance of  the  receiving  instrument  of  the  primary  circuit  was 
high,  leads  us  to  suppose  that  this  impedance  was  much  greater, 
probably  ten  times  as  great,  and  would  bear  out  his  statement 
from  the  theoretical  point  of  view  that  the  effect  of  electromag- 
netic disturbance  is  virtually  null  compared  with  electrostatic 
disturbance  under  those  conditions.  But  it  would  be  desirable 
if  Mr.  Carty  could  give  us  an  idea  as  to  how  far  reducing  the 
impedance  in  the  receiving  end  disturbed  the  neutral  point  and 
sogaveindica,tionsof  a  teiKiency  to  equality  between  the  two  dis- 
turbances. 

Of  course  the  rough  calculation  that  I  Iiave  just  presented  deals 
witli  the  subject,  ignoring  entirely  all  those  waves  and  oscillations 
which  we  know  must  inevitably  pursue  their  path  in  primary 
circuits  upon  any  change  of  current.  We  are  all  familiar  with 
the  simple  and  very  interesting  experiment  of  taking  the  ropes 
from  a  flagstaff,  say,  or  the  halyards  of  a  mast  when  they  are  tol- 
erably heavy — taking  them  in  the  hand  and  giving  them  a  jerk. 
Of  course  the  ultimate  tendency  of  the  displacement  of  the  ends 
held  in  the  hand  would  be  to  cause  the  rope  to  assume  a  slightly 
different  catenary,  but  the  immediate  consequence  is  that  a  wave 
travels  up  the  rope,  reaches  the  top,  is  reflected  back  and  again 
comes  to  the  hand,  subsiding  gradually  all  the  time.  It  may 
even  be  sufficiently  strong  to  leave  the  hand  again  and  repeat  its 
course  back  to  the  top.  But  that  represents  very  faithfully  the 
motion  that  takes  place  in  any  electric  circuit  when  the  primary 
electromotive  force  is  impressed  upon  it.  No  matter  what  the  con- 
ditions may  be  of  electrostatic  induction  or  electromagnetic  in- 
duction, so  long  as  both  are  present,  no  current  can  be  started  in 
the  wire,  with  any  finite  change  of  electromotive  force  without 
setting  up  an  oscillation  or  a  wave  in  that  circuit,  and  those  waves 
run  to  the  end  of  the  circuit  if  they  be  not  absorbed  in  the  pas- 
sage, and  recoil  in  the  same  way  that  those  waves  in  the  rope  do. 
So  that  if  we  consider  what  takes  place  in  any  circuit  we  have  to 
imagine  a  vast  succession  of  waves  which  travel  one  after  another, 
but  whose  rapidity  issogreatthat  they  entirely  suj^sj^g  w^tj^^p^^fe^ 
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hundredths,  at  tlie  most,  and  very  often  within  a  few  millionths 
of  a  second.  Jn  the  ease  of  Mr.  Carty's  experiments  they  proba- 
bly would  not  last  more  than  a  few  millionths  of  a  second  There 
can  be  no  doubt  that  those  waves  are  there,  and  even  supposing 
that  the  mathematical  basis  on  which  they  rest  were  entirely 
destroyed  by  some  fresh  discovery,  the  researches  of  Hertz  have 
placed  those  waves  on  a  firm  basis.  Those  oscilktions  of  flow 
would  not  probably  be  a  leading  factor  in  this  particular  instance, 
but  their  existence  must  not  be  forgotten. 

Finally,  I  think  we  are  much  indebted  to  Mr.  Carty  forgiving 
us  such  a  clear,  succinct  and  interesting  account  of  experiments 
which  have  undoubtedly  proved  the  very  great  influence  of 
electrostatic  induction  in  the  particular  case  he  gives  us.  1  only 
hope  that  before  closing  the  paper  he  will  place  some  more 
quantitative  statements  upon  the  record,  by  which  we  shall  be 
able  to  have  a  more  clear  and  accurate  account  of  the  exact  con- 
dition of  the  circuits  he  experimented  upon,  and  by  which  we 
may  be  able  either  to  checlc  fallacy,  to  advance  theory,  or  to 
improve  practice. 

Mr.  Carty  : — I  go  so  far  as  to  set  forth  that  the  effect  of  elec- 
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troraagnetic  induction  between  parallel  telephone  wires  may  be 
neglected.  That  is,  that  when  a  man  is  talking  on  one  wire  and 
his  speech  is  heard  by  induction  on  a  parallel  wire,  that  that 
speech  finds  its  way  between  the  two  wires  by  virtue  of  electro- 
static induction,  and  that  electromagnetic  induction  is  entirely 
negligible.  I  would  like  to  describe  a  few  experiments  to  prove 
that;  and  if  they  do  not  prove  it  I  shall  be  very  glad  to  have  that 
fact  pointed  out. 

I  will  now  show  what  I  consider  the  most  favorable  condition 
for  creating  electromagnetic  induction  between  two  telephone 
wires.  That  [indicating  t,  Fig.  12,]  represents  the  coil  of  a  long 
distance  transmitter  sending  the  most  powerful  telephone  cur- 
rent that  it  is  now  possible  to  generate.  \}  represents  the  wire 
connected  to  earth.  It  may  be,  we  will  say,  2o0  feet  long.  Par- 
allel to  it  and  an  eighth  of  an  inch  away,  we  will  ))lace  another 
telephone  circuit.  These  wires  may  have  an  insulation  of  10,000 
megohms  and  the  resistance  miglit  be  considered  as  one  ohni. 
Now  a  current  resulting  from  a  given  note  in  the  transinittei* 
through  the  wire  l^  produces  a  series  of  changes  in  the  mag- 
netic field  surrounding  it,  and  that  action  is  roughly  exj)lained  l)\ 
assuming  that  the  current  starting  in  \}  induces  a  current  in  i/in 
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the  opposite  direction,  and  tliat  the  induced  current  will  flow 
through  both  telephones  a  and  h.     Now,  it  is  a  fact  that  under 
those  conditions  absolutely  no  sound  is  heard  in  the  telephones 
a  or  b. 
That  represents  the  strongest  current  that  it  is  possible  to  pro- 
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duce  by   that  transmitter — the   strongest  changes — and   conse- 

Juently  we  should  have  the  greatest  fluctuation  in  the  magnetic 
3ld  surrounding  the  wire  l\  but  under  those  circumstances 
there  is  absolutely  no  disturbance  whatever  effected  in  the  tele- 
phones a  or  h  located  in  l^     That,  I  think,  is  a  crucial  test. 

Now  I  will  describe  an  experiment  which  I  made  with  those 
same  wires.  We  will  open  the  wire  l^  [Fig.  13]  at  the  far  end. 
Then,  when  the  transmitter  is  operated,  noise  is  immediately 
heard  at  the  telephones  a  and  6,  located  at  the  ends  of  the  second- 
ary wire,  and  if  a  telephone,  c,  be  located  at  the  exact  centre  of 
impedance  it  will  be  found  to  be  silent.  When  the  wire  l^  is 
opened  at  the  far  end  we  have  the  maximum  electrostatic  and 
the  minimum  electromagnetic  action ;  when  it  is  closed  we  have 
the  maximum  electromagnetic  action  and  the  minimum  electro- 
static action.  The  reason  that  the  electrostatic  action  is  slight  in 
Fig.  12  can  be  seen  from  Fig.  14.  Assuming  that  m  n  repre- 
sents the  height  of  potential  of  the  transmitter,  the  resistance  of 
the  circuit  is  mostly  in  the  transmitter  and  the  fall  of  potential 
therein  is  very  sudden.  At  any  point  along  the  >vire  l^  the 
potential  would  be  practically  zero,  as  shown  by  the  dotted  line  o  p. 
If  there  is  any  iallacy  in  these  experiments  I  should  be  very  glad 
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to  have  it  pointed  out,  and  if  it  is  admitted  that  elccti'(  inagrictic 
induction  is  negligible  between  actual  telephone  eircu's,  why  I 
should  be  glad  to  have  that  come  out  also. 

The  Presfdext  : — The  paper  is  now  open   for  geneinl   discus- 
sion.    We  would  be  glad  to  hear  remarks  from  any  oue^  ^ 
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I  should  like  to  ask  Mr.  ( 'arty  in  regard  to  this  arraiiffeinent. 
He  has  represented  hoth  of  those  lines  as  grounded  Why  is  it 
n()t  in  that  case  equivalent  to  conneeting  the  two  lines  together? 
in  other  words,  ii  both  lines  are  grounded  why  isn't  that  a  com- 
plete metallic  circuit? 

Mk.  Carty  : — Well,  I  think  Ohm's  law^  will  let  us  out  of  that. 
We  have  both  wires  connected  together  by  a  conductor  of  zero 
resistance,  and  any  current  generated  in  this  circuit  has  two  paths 
back  to  here— one  path  through  the  earth,  which  is  zero,  and  one 
path  through  the  line,  which  is  of  considerable  resistance. 

The  President: — Do  I  understand  that  you  consider  the 
earth  as  a  zero  resistance  in  comparison  with  the  two  hundred 
feet  of  wire  ? 

Mr.  Carty  : — I  have  assumed  that  we  have  a  zero  resistance 
in  the  earth,  and  as  a  matter  of  fact  the  experiment,  as  I  have 
repeatedly  tried  it,  was  made  using  the  same  earth  connection. 
In  an  experiment  in  this  room  you  would  probably  connect 
through  the  water  pipe,  or  there  could  be  a  return  wire  put  in 
there — in  that  condition,  that  resistance  is  zero.  As  a  matter  of 
common  practice,  if  those  wires  were  separated  and  you  talked 
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on  them  there  would  be  no  interference  between  them  due  to 
earth  leakage.  I  wnsli  to  show  another  experiment  in  proof  of 
the  fact,  or  what  I  think  is  a  fact,  that  electromagnetic  induction 
is  negligible  w^hen  we  consider  the  action  that  goes  on  between 
two  telephone  circuits.  I  expressly  limit  the  statement  to  the 
action  between  telephone  circuits,  and  1  am  not  discussing  dis- 
turbances in  general,  but  merely  inductive  cross-talk.  Kow,  I 
will  draw  a  line — l'^ — [^  ig«  l'^]i  siniilar  to  the  one  I  used  before, 
and  w^e  wnll  assume  that  the  circuit  is  completed  by  a  return  wire 
of  no  resistance,  or  of  very  low  resistance,  entirely  outside  of  the 
field  of  disturbance,  so  as  to  eliminate  all  questions  of  leakage 
through  the  earth.  We  will  say  that  i}  is  grounded  on  a  gas 
pipe.  We  then  have  the  disturbing  w^ire  as  before,  and  when 
the  transmitter  is  operated,  k»ud  tones  are  heard  at  the  end  tele- 
phones, a  and  J,  thus :  If  this  were  entirely  due  to  the  creation 
of  an  electromagnetic  field  around  the  disturbing  wire,  the  effect 
on  the  secondary  wire  would  be  increased  by  short-circuiting  one 
of  the  telephones  by  the  key  k,  Ko^v  it  is  found  that  when  this 
is  done,  instead  of  increasing  the  sound  in  the  other  telephone,  it 
.absolutely  removes  it      Now,  the  case  just  des(gri|)j^yi^^jvgj^fijP 
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condition  wliere  you  should  get  an  increase  of  electromagnetic 
action,  if  the  disturbance  is  due  to  the  magnetic  field,  but  the 
noise,  instead  of  increasing,  disappear  entirely.  Now,  you  will 
see  how  be:iutifully  the  thing  may  be  explained  by  assuming 
that  the  disturb  mc^e  is  due  to  dii'ect  electrostatic  action.  In  this 
case  we  will  say  that  the  wire  l\  at  a  given  instant,  has  a  plus 
charge  upon  it  which  induces  a  minus  charge  on  i?.  Now,  when  the 
inducing  charge  is  removed  the  induced  charge  divides  and  flows 
away  at  both  ends.  But  as  there  is  a  great  deal  of  resistance  in 
telephone  J,  and  practically  no  resistance  in  key  ^,  the  charge  and 
discnarge  of  l^  takes  place  up  aiid  down  through  the  key  end 
and  none  of  it  goes  through  tne  telephone  h.  Now  I  think  that 
is  a  complete  refutation  of  the  statement  that  any  portion  of  the 
noise  produced  in  the  telephone  is  due  to  electromagnetic 
action.  There  is  no  doubt  about  it  that  when  the  current  is 
going  through  l*,  in  the  act  of  charging  it,  that  there  is  a  mag- 
netic field  surrounding  that  current,  but  I  have  shown  that  it  is 
so  feeble  that  it  does  not  produce  any  effect  in  the  telephone  ; 
that  is,  the  action  that  is  due  to  the  electromagnetic  field  is  so 
feeble  that  the  ear  is  not  able  to  tell  whether  it  is  present  or  not. 

Mr.  George  B.  Prkscott,  Jr.  : — With  reference  to  the  first 
diagram  I  would  like  to  ask  Mr.  Carty  if  he  tried  the  simple  ex- 
periment of  interrupting  a  battery  current  in  the  inducing 
circuit  by  means  of  an  ordinary  telegraph  key  ? 

Mr.  Oarty  : — I  am  very  glad  that  Mr.  Prescott  brought  that 
up.  I  have  an  experiment  that  furnishes  a  very  good  illustration 
of  how  electromaOTetic  action  works.  I  did  not  try  it  with  an 
ordinary  telegraph  key,  but  I  sent  through  a  powerful  current 
so  as  to  get  an  electromagnetic  field  with  which  I  could  deal. 
Now  in  this  case  t  Fig.  12  represents  [indicating]  a  vibrator 
connected  with  a  large  battery.  We  had  a  very  powerful  cur- 
rent flowing  through  that  wire,  i}.  The  current  was  constantly 
vibrating,  and  it  was  a  very  strong  current  indeed.  Now  in  that 
case  I  used  *the  same  secondary  wire,  and  a  telephone  in  the 
centre,  and  then  we  found  a  noise  in  all  three  telephones,  just 
exactly  what  you  should  expect  in  dealing  with  electromagnetic 
induction,  i  ou  would  expect  to  find  a  current  at  a  given 
instant,  with  very  slight  differences,  constant  in  all  parts  of  the 
circuit ;  that  is,  you  would  expect  to  find  as  much  noise  at  the 
centre  telephone  .as  at  the  end  telephone.  You  would  expect 
that  if  this  middle  telephone  were  short-circuited  the  noise  would 
be  increased  at  the  end  telephones,  and  then  you  would  further 
expect  that  if  one  end  telephone  were  short-circuited  that  the 
remaining  one  would  be  still  louder.  That  was  the  case.  Now, 
consider  the  circuit  with  the  middle  telephone  cut  out  and  one 
^nd  telephone  cut  out,  and  the  other  end  telephone  giving  a 
loud  noise,  with  a  strong  current  in  l^  ;  but  with  the  strongest 
telephone  current  we  could  produce  in  l*  there  was  no  noise 
there  at  all.     And.  further  than  that,  the  methods  of  every-day 
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practice  have  been  changed  to  meet  these  views,  and  our  predic- 
tions and  calculations  based  on  this  way  of  working  are  invari- 
ably correct.  All  of  our  cables,  which  are  twisted  in  pairs,  are 
subjected  to  a  very  rigid  cross-talk  test,  and  some  of  the  refinements 
which  have  to  be  taken  into  consideration  in  making  those  tests 
are  certainly  most  surprising. 

These  experiments  were  began  at  Washington,  I  think,  more 
than  two  jears  ago.  They  have  been  in  the  files  of  various 
companies  and  have  been  reported  on  by  different  people,  and 
many  of  them  have  been  in  the  Patent  Office,  and  some  of  them 
are  still  in  the  Patent  Office,  and  if  there  is  a  fallacy  in  the 
reasoning  I  am  very  anxious  to  find  it  out,  because  I  have  under- 
taken to  point  out  an  error  in  three  authorities  to-night,  and  I 
would  like  to  withdraw  my  statements  if  they  are  wrong. 

Mr.  Prescott  : — Mr.  Carty  admits  that  interrupted  direct  cur- 
rents in  the  inducing  circuit  caused  electromagnetic  disturbarces 
in  the  telephone  wire.  Does  not,  therefore,  his  first  experiment 
only  indicate  that  the  effects  of  electromagnetic  induction  are 
alight  in  the  case  of  feeble,  rapidly  alternating  currents,  that  is 
telephonic  currents  ? 

Mr  Carty  : — I  mean  that  with  the  most  powerful  telephone 
transmitters  in  use,  with  the  most  powerful  telephone  currents 
which  I  have  generated  in  practice,  that  the  effect  of  electro- 
magnetic induction  is  negligible,  but  that  if  it  were  possible  to 
increase  the  strength  of  the  current  I  am  not  prepared  to  say 
that  electromagnetic  induction  would  not  then  become  a  factor. 
All  that  I  am  saying  is  that  for  the  present  it  is  negligible. 

Dr.  Louis  Bell: — I  think  it  is  a  pretty  clear  case  tnat  it  takes 
a  good  deal  stronger  current  than  one  would  at  first  suppose  to 
act  inductively.  I  would  like,  as  a  matter  of  curiosity,  to  ask 
Mr.  Carty  if  he  knows  what  the  numerical  coefficient  is  of  self- 
induction  for  one  of  those  long-distance  transmitters  and  about 
what  is  the  largest  current  that  is  used  in  practice.  I  ask  this, 
simply  because  it  may  facilitate  computation  of  the  possible 
effect  if  one  should  care  to  try  it.  In  the  case  of  interfennce 
between  one  telephone  circuit  and  another,  I  think  that  unJess 
the  lines  were  most  unreasonably  close  together  that  the  ordinary 
magnitude  of  the  current  employed  would  not  be  sufficient  to 
cause  disturbance.  I  have  worked  it  out  roughly  for  heavier 
currents  and  the  electromagnetic  effect  is  not  nearly  so  great  as 
one  would  suppose. 

Mr.  Carty  : — I  have  not  the  figures  in  mind,  but  that  matter 
was  investigated  by  Professor  Cross,  and  he  published  a  paper 
which  can  be  easily  found.  I  have  no  figures  as  to  the  trans- 
mitter coil.  I  think  somewhere  in  Mr.  Kennelly's  paper  he 
gives  what  the  inductance  of  the  long-distance  transmitter  coil  is. 
I  do  not  remember  what  it  is  myself. 

Mr.  Kennelly: — Will  Mr.  Carty  please  give  us  the  resistance 
for  that?  ^  T 

Mr.  Carty  : — 160  ohms  is  the  resistance.  uigtzedbyV^OOglC 
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Mr.  Kennelly  : — In  that  case  I  beg  to  point  out  that  the 
impedance  of  that  would  he  very  considerable,  and  probal)ly  the 
position  Mr.  Carty  takes  is  correct  If  Mr.  Carty  can  give  us 
some  direct  experim  nts  made  when  that  impedance  is  dimmished 
or  annulled  we  can  then  point  out  where  the  magnetic  effect  will 
become  visible. 

Mr.  Carty  : — I  did  not  quite  get  what  Mr.  Kennelly  said. 

Mr.  Kennelly: — If  Mr.  Carty  could  give  us  some  experi- 
ments in  which  the  impedance  in  the  transmitter  was  very 
small  we  could  then  readily  find  at  what  point  the  electro- 
magnetic disturbances  would  become  of  considerable  magnitude 
compared  with  electrostatic  disturbance. 

Mr.  Carty  : — That  would  be  a  question  affecting  the  strength 
of  the  primary  current,  would  it? 

Mr.  Kennelly  : — The  degree  of  variation  of  it,  or  both — the 
rate  of  changing. 

Mr.  Carty  :— Well,  I  have  not  the  figures,  but  I  protluced  elec- 
tromagnetic induction  and  saw  that  it  behaved  as  I  de- 
scribed. The  fact  is,  that  with  the  transmitters  now  in  use  you 
cannot  produce  electromagnetic  effects  in  the  secondary  wire,  but 
just  the  exact  impedance  which  is  necessary  to  do  so  with  a  given 
receiver,  I  do  not  know.  I  have  not  had  any  occasion  to  determine 
that  and  have  never  done  it. 

Mr.  Kennelly  : — Then  I  would  be^  to  mention  that  in  the 
rou:(h  manner  I  have  indicated  the  ratio  of  the  electrostatic  dis- 
turbance to  the  electiomagnetic  disturbance  as  the  ratio  of  the 
mutual  electrostatic  capacity  to  the  mutual  electromagnetic 
capacity  of  the  two  disturbing  wires,  per  unit  of  length  of  either, 
multiplied  by  the  product  of  the  impedance  of  the  primary,  into 
the  impedance  of  the  secondary,  divided  by  two,  on  account  of 
two  telephones.  The  result  is  that  when  you  have  a  l:irge  impe- 
dance in  either  one  or  the  other  the  ratio  gets  very  large. 

Mr.  Carty  : — So  that  from  your  statement  the  result**  which  I 
described  are  in  accordance  with  theory  as  you  have  stated  it. 

Mr.  Kennelly  : — So  far  as  I  know,  yes. 

The  President  : — It  seems  to  me  that  the  experiments  that 
Mr.  C/arty  has  described  here  are  extremely  interesting  and  very 
conclusive  as  to  the  effects  that  take  place  in  a  particular  case. 
As  I  understand  him,  when  his  line  is  grounded  at  the  farther 
end,  in  which  case  you  will  have  a  series  of  currents  going  back 
and  forth  upon  it,  currents  as  strong  as  the  telephone  transmitter 
is  capable  of  producing,  we  have  no  induction  whatever — no 
soundj  in  other  words,  in  the  telephone.  And,  therefore,  electro- 
magnetic induction  is  so  small  as  to  produce  no  effect  that  can  be 
heard  in  the  telephone ;  but  when  he  breaks  the  ground  and 
leaves  the  far  end  of  that  wire  insulated,  then  operates  the 
transmitter,  the  wire  becomes  length  plus  and  minus,  rising  to  a 
quite  high  potential,  then  falling  to  a  low  potential.  We  have 
at  once  the  effect  in  both  telephones,  indicating  that  the  electro- 
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static  disturbance  is  something  considerable.  It  seems  to  me  a 
very  interesting  fact  and  a  very  conclusive  form  of  experiment. 

Mr.  PiiEscoTT : — It  hardly  seems  to  me  that  the  experiment  is 
generally  conclusive.  It  merely  proves  that  with  the  character 
of  current  developed  by  that  particular  transmitter,  the  electro- 
magnetic effects  on  parallel  circuits  are  feeble. 

It  is  easy  to  imagine  a  long  line  with  only  receiving  telephones 
in  circuit  that  might  be  greatly  affected  by  electromagnetic  dis- 
turbances arising  from  the  proximity  of  direct  and  alternating 
dynamo  currents,  and  even  ordinary  tele^aph  currents.  In  fact, 
in  the  early  .days  of  the  telephone,  when  its  use  was  limited,  the 
latter  caused  the  "frying"  noises  which  were  the  source  of 
much  annoyance. 

The  President  : — I  intended  to  be  understood  as  applying  my 
remarks  to  this  particular  case.  Mr.  Carty  says  that  when  you 
get  your  current  strong  enough,  by  using  a  powerful  battery  and 
vibrator  of  rapid  period,  a  very  rapid  pulsating  current,  and  a 
very  strong  one,  that  he  does  get  an  electromagnetic  disturb- 
ance in  this  particular  case  on  these  short  wires. 

Mr.  Carty  : — I  would  like  to  put  it  very  clearly  before  the 
Institute  that  my  experiments  refer  only  to  the  disturbance 
which  is  produced  upon  one  telephone  circuit  by  induction  from 
another,  and  that  in  my  experiments  I  have  used  the  human 
voice  for  a  disturbing  source  and  covered  the  entire  range  of  tel- 
ephonic currents.  I  have  also  used  a  musical  note.  Tliat  is,  I 
have  had  a  boy  talking  and  reading.  The  original  experiments 
at  Washington  were  tried  in  the  switch- board,  and  we  had  relays 
of  linemen  reading  from  the  newspapers.  At  New  York  I  used 
tuning-forks,  because  they  were  more  economical. 

Mr.  W.  M.  Miner  : — I  would  like  to  ask  Mr.  Carty  if  the 
same  result  is  obtained  when  the  wire  that  he  uses  at  the  top 
there — U— is  about  three  or  four  times  the  length  of  the  second- 
ary, and  the  secondary  say  a  mile  in  length.  The  reason  I  ask 
this  question  is,  that  in  the  city  of  Chester,  Pa.,  and  about  a 
mile  from  the  exchange — I  had  called  the  exchange — when  I 
heard  the  superintendent  at  Wilmington,  Del.,  about  three 
miles  away,  talking  with  the  operator  at  the  Chester  exchange ; 
th ;  wires  running  parallel,  and  both  wires  grounded  I  spoke 
to  the  gentleman  at  Wilmington,  and  talked  with  him  as  well 
as  I  ever  talked  with  any  one  through  a  telephone. 

Mr.  Carty  :— I  have  nerer  tried  that  experiment,  but  I  have 
shown  the  most  favorable  conditions  for  developing  an  electro- 
magnetic Held  around  a  telephone  wire  by  the  human  voice,  and 
the  conditions  which  you  name  will  certainly  not  be  as  favorable 
as  the  case  I  described.  I  predict  that  you  would  not  get  any 
electro-magnetic  induction  between  those  telephone  wires  that 
originated  in  the  transmitter.  I  would  say  further  that  all  of  my 
experiments  have  been  reproduced,  using  condensers,  which  is  an 
interesting  point,  ami  the  results  from  condensers  were  exactly 
what  I  got  from  straight  wires.  ugtzed by  vji^v^ JiC 
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I  wish  to  point  out  that  there  must  be  some  ni in- 
take in  the  reference  given  by  Mr.  Lockwood  in  his  note.  He 
says :  "  Mr.  Culley  once  presented  a  paper  upon  this  subject  be- 
fore tlie  Society  of  Telegraph  Engineers;  which  paper,  together 
with  a  most  instructi\  e  discussion,  is  published  in  the  journal  of 
that  society,  and  Mr.  Preece  and  myself  from  time  to  time  have 
also  repeatedly  referred  to  it."  Mr.  Culley  has  not  read  a  paper 
of  any  kind  before  the  Society  of  Telegraph  Engineers  or  Electri- 
cal Engineers  since  1875.  That  was  before  the  invention  of  the 
telephone.  Mr.  CuUey's  paper  of  1875  dealt  with  the  induction 
of  telegraph  wires.  I  put  in  a  foot  note  referring  to  Mr.  Culley's 
paper  in  my  Electric  Club  paper.  I  think  that  that  must  be 
what  Mr.  Lockwood  means.  I  am  very  familiar  with  Mr.  Lock- 
wood's  writings,  but  I  have  never  seen  anything  about  that  in 
print.  If  any  one  else  present  has,  I  think  it  had  better  be  put  on 
record,  as  the  literature  of  the  subject  is  meagre  at  best. 

Mr.  H.  Franklin  Watts  : — I  believe  it  is  considered  that 
electromagnetic  induction,  pure  and  simple,  is  produced  by 
magnetic  whirls  surrounding  the  disturbing  wire.  I  would  like 
to  ask  if  it  is  necessary  to  have  an  actual  flow  of  current  in  the 
wire  in  order  to  produce  these  magnetic  whirls  {  I  am  taking  \i 
for  granted  that  the  magnetic  whirls,  as  I  prefer  to  teim  them, 
are  the  true  source  of  electromagnetic  induction.  That  beino- 
the  case,  is  a  wire  open  at  one  end  capable  of  producing  these 
whirls?  If  such  a  wire  is  )iot  capable  of  producing  whirls,  then, 
in  the  cases  to  which  Mr.  Carty  refers,  in  which  the  wire  is  open, 
it  is  evident  that  it  is  due  to  sometliing  else  besides  electro- 
magnetic induction.  I  am  not  able  to  say  whether  a  wire  which 
is  merely  cliargedand  in  which  there  is  no  flow  of  current  will 
produce  magnetic  whirls  or  not. 

Mr.  Carty:— 1  think  it  must  be  admitted  that  in  the  act  of 
charging  the  wire  a  current  flows,  and  even  although  the  end 
be  open  that  current  produces  a  magnetic  fleld,  and  all  of  the 
effects,  while  it  lasts,  that  would  be  produced  by  acni-rei  t  of  the 
same  character  flowing  in  a  ch>-ed  metallic  circuit.  I  think  that 
the  same  thing  would  hold  true  of  a  current  actually  passinu* 
through  the  dielectric,  until  the  dielectric  is  strained  to  its  lull 
limit — that  even  there  it  sets  up  a  magnetic  fleld.  But  in  my 
paper  I  have  endeavored  to  show — or  rarher  in  the  discussion — 
that  the  current  required  to  charge  the  wire  is  so  small  that  tlu 
magnetic  field  produced  by  it  is  so  slight  as  to  be  incapable  oi* 
causing  the  ordinary  current  induction  or  electromagnetic  in- 
duction in  the  neighboring  wire.  If  the  far  end  of  i)  (Fig.  18% 
were  open,  but  connected  to  a  condenser  of  one  microfarad,  then 
the  effect  produced  on  the  secondary  wire  would  be  practically 
just  the  same  as  though  the  wire  were  grounded  by  a  conductor 
of  small  resistance.  There  is  a  case  where  the  wire  when 
measured  for  its  insulation  resistance  might  have  an  infinite 
resistance,   and,   according  to   the   laws  of  steady  currents,  we 
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could  not  have  a  current  flowing  in  it ;  but,  when  you  consider 
an  alternatine;  current,  you  know  that  the  current  flows  in  di- 
electrics until  the  dielectric  is  sufficiently  strained. 

Prof.  Francis  B.  Crocker  : — Mr.  President,  it  appears  to  me 
that  the  question  resolves  itself  into  a  matter  of  degree.  Mr. 
Carty  states  that  the  ordinary  telephone  currents,  so  far  as  his 
experiments  have  gone,  fail  to  show  any  electromagnetic  effect 
on  each  other.  Now  he  also  tells  us  that  under  certain  condi- 
tions where  he  had  a  very  much  more  powerful  current  with  a 
greater  rate  of  change  in  current,  he  succeeded  in  getting  the 
usual  electromagnetic  effect  that  we  should  expect,  and  that  by 
cutting  out  resistance  he  increased  the  effect ;  whereas,  in  the 
case  of  the  telephone  current,  the  cutting  out  of  resistance  and 
inductance  actually,  reduced  the  effect;  showing  that  the  facts 
were  n- 1  what  we  generally  expect  in  electromagnetic  currents. 
Now  it  seems  t)  me  that  somewhere  between  these  two  condi- 
tions we  must  reach  a  balance  point  between  the  electromagnetic 
and  the  electrostatic  action;  in  other  words,  the  electrostatic 
action  would  equal  the  electromagnetic  action.  Mr.  Kennelly 
has  sugii^ested  how  to  calculate  the  value  of  the  induction.  It 
could  also  be  easily  deteiniined  experimentally,  I  think.  Keep- 
ing the  line  lengths  and  impedance  constant,  and  varying  the  rate 
of  change  of  current,  and  finding  when  the  strength  of  the  current 
or  rather  the  rate  of  its  change  reaches  a  certain  value,  at  which 
the  electromagnetic  effect  is  ecjual  to  the  electrostatic  effect. 
Tliere  must  really  be  a  limit.  As  soon  as  disturbances  become 
audible  tlien  they  are  imporUmt.  Before  that,  they  are  of  no 
importance.  Evidently  there  must  be  a  point  somewhere  be- 
tween the  two  cases  given  by  ilr.  Carty  at  wliich  a  sufficiently 
low  impedance,  or  a  sufficiently  great  electromagnetic  effect 
would  give  audible  electroniMgnetic  inductive  disturbances.  It  is 
evidently  a  tangible  questicm.  Mr.  <  •arty  is  right  in  saying  that 
he  considers  only  the  ordinary  conditi(m  of  telephone  circuits 
and  telephone  ''cross  talk,"  and  not  currents  which  the  ordinary 
telephone  transmitters  do  not  produce.  Nevertheless,  in  order 
to  be  sure  when  thi^  electromagnetic  action  becomes  significant, 
which  might  be  at  a  certain  current,  for  example,  iive  times 
as  great  as  in  ordinary  telephone  circuits,  then  we  should  know 
that  ordinary  telephone  circuits  are  far  below  the  electromagnetic 
disturbance  limit  that  is  practically  appreciable. 

Mr.  Francis  R.  Upton  : — It  seems  to  me  by  taking  the  pre- 
cautions to  do  away  wirh  the  cross  talk,  tliat  the  magnetic  induc- 
tion that  might  come  on  to  the  circuit  would  be  increased;  that 
where  the  two  go  oppositely  the  precautions  which  would  do 
away  with  static  induction  would  increase  the  magnetic  induc- 
tion ;  what  would  do  away  with  the  nuignetic  induction  would 
increase  the  static  induction.  What  I  wish  to  know  is,  whether 
t^ese  diagrams  show  anything  that  is  in  actual  practice  in  tele- 
phone lines. 
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Mr.  Carty  : — Five  hundred  feet  was  the  length  of  most  of 
the  lines  used.  But  all  of  my  practical  experience  confirms  the 
experiments  on  these  lines,  and  the  system  employed  to  do  away 
with  disturbances  is  effective  for  both  electromagnetic  and 
electrostatic  induction.  It  is  much  easier  to  get  rid  of  electro- 
magnetic induction  than  electrostatic  induction.  In  regard  to  a 
point  being  reached  where  the  electromagnetic  induction  and 
the  electrostatic  induction  are  neutralized,  I  would  say  that  I 
referred  to  it  in  the  original  report  which  I  made  on  my  first 
experiment — which,  by  the  way,  was  for  the  settlement  of  a 
practical  question  involving  the  payment  of  a  large  amount  of 
monev — as  to  whether  there  was  cross-talk  or  not  in  a  given 
switch-board.  One  set  of  experts  would  go  there  and  produce 
what  they  considered  the  most  favorable  conditions  for  obtaining 
cross-talk,  assuming  that  it  was  electromagnetic.  Now  as  I  have 
shown  in  that  case,  we  would  get  none  at  all.  So  they  would  go 
])ack  and  report  there  was  no  cross-talk.  The  manager  did  not 
know  what  to  do,  because  he  was  a  m- itness  of  the  experiment, 
and  he  would  ascribe  it  to  the  weather  or  some  other  obscure 
cause.  Another  man  would  go  and  he  might  leave  some  imped- 
ance in  at  the  far  end  of  the  disturbing  wire,  and  in  that  case 
there  would  he  cross-talk.  While  at  Washington  I  found  out 
what  was  the  matter,  and  it  occuiTed  to  me  at  fliat  time  that  the 
two  kinds  of  induction  might  conflict ;  that  is  that  a  given  im- 
pulse which  would  tend  to  produce  a  current  in  one  direction 
would  in  that  case  meet  one  of  the  electrostatic  currents  and 
shove  the  neutral  point  one  way  or  the  other.  The  next  impulse 
being  in  the  opposite  direction  it  would  move  the  neutral  point 
the  other  way.  So  in  looking  for  the  balance,  you  want  to  bear 
in  mind  that  the  neutral  point  is  shifting  back  and  forth  all  the 
time. 

Ti[E  Secretary  : — Before  the  discussion  closes  I  wish  to  say 
in  regard  to  Mr.  Carty's  paper  that  he  has  taken  great  pains  to 
place  these  experiments  before  us,  and  it  appears  to  me  that 
he  has  thrown  down  the  gauntlet  to  a  great  many  eminent  auth- 
orities, and  he  has  also  been  so  kind  as  to  prepare  his  paper  in 
advance,  so  that  all  who  wished  could  discuss  these  experiments 
and  pick  any  flaws  which  they  might  sec  fit  in  the  arguments 
tliat  lie  has  advanced.  In  accordance  with  his  suggestion,  Mr. 
Kennelly  was  invited  to  open  the  discussion,  believing  him  to  be 
well  qualified  to  do  so.  Now  when  a  member  undertakes  to  do 
a  thing  of  this  kind,  and  bring  a  paper  before  perhaps  the  high- 
est electrical  l)ody  in  this  country  in  order  to  give  others  a  chance 
to  demolish  his  arguments,  I  believe  he  is  entitled  to  the  thanks 
of  the  Institute,  and  I  therefore  move  that  a  vote  of  thanks  be 
tendered  to  him  for  his  able  paper. 

The  President  : — It  is  moved  and  seconded  that  a  vote  of 
thanks  be  tendered  Mr.  Carty  for  presenting  the  pap::r  the  way 
he  has  before  the  Institute.  GoOqIc 

The  motion  was  carried  and  the  meeting  adjoifrne^!  o 
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[COMMUXICATKD  TO  THE  SECRETARY  AFTER  ADJOURNMENT 
BY  A.  E.  KEXNELLY.] 


^ote  an  the  relative  degree  of  dhturlmnce  rauned  hy  ehctnmtiitir 
and  eJectroma</)ietl4)  induetion  hetme^'n  nrtnai  shnph  arrantje- 
ments  of  tehplume  circuits. 

Referring  to  Fig.  2  of  Mr.  C/arty'??  paper,  let  Li  be  a  primary 
line,  Lj  and  1.3  the  lines  of  a  secondary  circuit.  Suppose  also  to 
simplify  the  conditions  that  i^  is  so  far  remote  from  Lj  and  i^  by 
comparison  with  the  half  inch  of  distance  separating  these  latter, 
tliat  all  inductive  influence  on  or  from  Ls  may  be  omitted  from 
consideration.  The  most  convenient  way  of  dealing  with  l,,  is 
to  replace  it  by  the  groimd,  and  we  have  then  only  to  consider 
the  two  circuits  Li  and  Lj  eacli  taken  as  negligibly  small  for  the 
case  under  discussion. 

By  considering  first  the  amount  of  disturbance  tliat  would  be 
statically  set  up  in  u  if  electromagnetic  action  did  not  exist ;  and 
second  the  magnetic  disturbance  on  the  hypothesis  that  no  static- 
induction  took  place,  it  is  possible  to  form  a  comparative  estimate 
of   the  relative  proportions  of   these  disturbances,  when,  as  in 
practice,  both  infiuences  act  together.     The  result  will  not    be 
accurate,  because  the  influence  of  each  not  only  combines  with, 
but  also  to  a  certain  extent  modifies  the  action  of  the  other,  but 
the  discrepancy  due  to  so  elementary  a  treatn)ent  will  not  hi  all 
probability  invalidate  the  re^^ults  as  a  first  ap[)roximation. 
Let  k  be  the  mutual  electrostatic  capacity  of  Li  and  i^,  per  centi- 
meter length  of  each,  in  a,  e.  m.  u. 
Let  //  be  the  mutual  electromagnetic  capacity,  or  nnitual  induc- 
tance of  Li  and  L,,  per  cm.  of  each  in  a.  e.  m.  r. 
Let  /  be  the  length  of  each  of  the  wires  in  cms. 
Let  e  be  the  primary  circuit  e.  m.  f.,  which  is  periodic  in  value. 
Let  n  be  the  number  of  periods  completed  by  e  per  second. 
Let  Wi  be  the  impedance  in  the  circuit  of  Li  in  a.  e.  m.  u. 
Let  i02  be  the  impedance  in  the  circuit  of  i..  in  a.  e.  m.  it. 
Let  Yq  be  the  current  in  each  of  the  two  end  telephones  of  the 
secondary  circuit  owing  to  electrostatic  induction   when 
electromagnetic  induction  is  supposed  to  be  absent. 
Let  /'m  be  the  current  in  each  of  three  telephones  in  the  secondary 
circuit  (one  at  the  centre  of  l.,  and  the  others  at  its  ends), 
when  electromagnetic  action  is  supposed  to  exist  between 
the  circuits  to  the  exclusion  of  static  inductio^^vjOOQlC 
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Let  q  be  the  total  electrostatic  charge  induced  on  l  at  any  moment 

by  static  induction. 
Let  r  be  the  radius  of  each  wire  (copper),  in  cms. 
Let  the  wires  be  parallel  and  the  distance  between  their  axes  be 
d  cms.  in  the  horizontal  plane  elevated  h  cms.  above  the 
ground. 
Then  if  the  end  of  l^  distant  from  the  transmitter  be  discon- 
nected from  the  ground  and  electrostatic  influence  only  be  sup- 
posed to  act  upon  the  secondary  circuit,  the  potential  of  Lj  at  any 
moment  will  be  ^,  the  value  of  the  periodic  e.  m.  f.  while  the 
induced  charge  upon  Lj  will  be  expressed  by 

y  —  —  elk. 
The  flow  of  current  from  Lj  to  ground  will  at  any  moment  be 
the  time  rate  of  change  in  q  or  numerically 

dq  _j.de 
dt        ^  ^  di 
and  since  this  by  symmetry  will  divide  equally  between  the  two 
end  telephones  in  Lj,  the  current  in  each  is  numerically 

Ik  de 

^'  ~  ^  ^" 
Now  with  electromagnetic  induction  active,  and  static  action 
suspended,  the  distant  end  of  l^  is  connected  to  ground  through 
a  certain  impedance.     The  current  then  existing  in  the  primary 
circuit  at  any  moment  is 

e 

and  in  the  secondary  circuit    -  -^  - .  —  —  rm  since  this  affects  all 

Wj  at    (02 

three  telephones  alike. 

Since  y^  a^d  y-m  are  periodic  currents  of  the  same  frequency, 
they  will  produce  equally  loud  sounds  in  the  telephones  when  of 
equal  numerical  value,  and  the  ratio  of  static  to  magnetic  disturb- 
ance in  the  two  cases  will  be 

Provided  then,  that  the  impedance  of  the  primary  circuit  at 
the  receiving  end  is  always  large,  the  ratio  of  static  to  magnetic 
disturbance  will  be  approximately  expressed  by  this  equation. 
In  order  to  apply  it  to  the  case  of  Fig.  2,  we  have  to  determine 
from  the  geometrical  relations  of  the  wires  their  mutual  capacities 
k  and  //.  C^  \ 
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The  value  of  Ar  in  a.  e.  s.  u.  has  been  given  by  Mr.  Oliver 
Heaviside  in  the  Journal  of  the  Society  of  Electrical  Engineers 
(London)  for  April,  1881,  (with  a  misprint  in  the  formula  here 
avoided) 


k  = 


i  loge J- 


{^.^\'-\,^.^Ldl+IE\ 


Substituting  for  d  1.25  (cms.  or  half  an  inch.) 
for  h  1000  (cms.  or  about  33  feet.) 
for  r     0.1  (cms.  or  0.04*  about  representing  No.  12 

B.  &i  S.  gauge.) 
k  ==  0.0714  A.  E.  8.  u.  —  7.94  X  lO"**  a.  e.  m.  u.  or  0.0128 
microfarads  per  mile. 

The  value  for  ji  can  also  be  found  from  another  formula  first 
published  by  Mr.  Heaviside  in  the  Journal  of  the  above  men- 
tioned society  for  May,  1878,  namely : 

fl  ==  log  £  ^p 

from  which  fx  =  14.75  a.  e  m.  u.  or  2.37  millihenrys  per  mile. 

Thus  for  e([ua]ity  between  y^  and  y^  we  must  have  with  these 
values  of  l  and  fi 

(Oi  lOi  =  3.717  X  10®  A.  E.  M.  u. 

Three  telephones  of  75  to  and  90  A  each  would  to  a  frequency 
of  ?i  =  485  corresponding  to  the  note  a^  offer  an  impedance  of 
lOi  =  7.72  X  10^^  or  772  ohms,  the  impedance  of  the  three  tele- 
phones to  this  frequency  being  more  than  three  times  their 
resistance. 

For  Yc/Tm  —  1,  ^^1  must  now  be  3.717  X  10*^/7.72  X  10^^  or 
4.816  X  10^^  or  481.6  ohms  in  round  numbers  500,  while  w^ith 
the  primary  circuit  of  Fig.  2  having  a  transmitter  of  165  o)  and 
730  A  with  a  call-bell  at  the  distant  end  of  550  lo  and  2.7  h,  the 
total  resistance  would  be  715  w,  the  total  inductance  3.43  h,  and 
the  impedance  to  the  same  frequency  of  n  =  435  would  be 
9.40  X  10^^  =  9400  CO  or  about  thirteen  times  greater  than  the 
total  resistance.  The  impedance  (o^  is  thus  nearly  twenty  times 
greater  than  that  needed  by  the  formula  for  equality  between 
Yc  and  y-m  and  roughly  the  static  disturbance  in  Fig.  2  may  be 
estimated  as  twenty  times  greater  than  the  magnetic. 
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A  PaPtr  read  at  tkt  sbth  Meeting  of  the  A  merican 
Institute  of  Electrical  Engineers^  New  York^ 
A^ilarsty  iSgi.  President  W.  A.  Anthony  in 
the  Chair. 


ELECTRICITY  IN  THE  PRODUCTION  OF 
ALUMINIUM. 


BY  ALEXANDER  8.  BROWN. 


The  glamour  that  has  surrounded  this  metal  since  1856,  when 
H.  St.  Claire  Deville  first  obtained  it  in  siifficient  quantities  to 
study  its  physical  and  chemical  characteristics,  and  the  almost 
monthly  presentation  before  one  or  another  of  our  scientific 
societies  of  papers  treating  of  its  properties,  etc.,  makes  it  a  most 
difficult  subject  to  handle  with  originality.  Scientific  and  news- 
paper eulogists  have  •expended  a  great  deal  of  time  and  many 
words  in  extolling  the  unusual  combination  of  useful  properties 
which  it  possesses  and  have  given  their  imaginations  fuU  play  in 
describing  its  future  triumphs  in  the  metallurgical  world;  but  as 
yet,  little  has  been  actually  accomplished  in  the  way  of  accu- 
rately determining  the  commercial  status  and  mechanical  value  of 
this  metal  compared  to  others  more  familiar  to  us.  While  it 
must  be  confessed  that  in  certain  respects  its  merits  seem  such 
as  to  warrant  great  expectations,  those  interested  in  its  production 
and  its  commercial  success  have  experienced  not  only  the  usual 
difficulties  inseparable  from  the  introduction  of  any  new  metal, 
but  many  others  due  to  the  too  great  esteem  which  the  public 
has  been  led  to  bestow  upon  it.  When  sufficient  knowledge  of 
its  characteristics  has  been  acquired  to  form  an  unbiassed  judg- 
ment as  to  its  true  rank  in  the  metallurgical  world,  there  is  little 
doubt  it  will  be  found  to  be  one  of  the  most  useful  metals  ever 
discovered,  and  that  it  will  not  only  largely  displace  copper,  but 
win  make  for  itself  new  and  important  fields  of  usefulness. 

Still,  of  all  the  metals  commercially  familiar  to  us,  aluminium 
has  unquestionably  made  the  most  rapid  progress.    The  long  and 
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tedious  development  of  iron,  steel,  copper,  tin,  lead,  zinc,  etc., 
extending  over  centuries  and  centuries,  is  familiar  to  us  all ;  the 
fact  that  this  new  metal  (only  discovered  in  1827,  and  extracted 
in  perceptible  quantities  not  earlier  than  1854)  has  already  en- 
tered into  commercial  competition  with  the  oldest  and  most 
useful  metals,  substantially  at  their  own  prices,  would  alone 
make  aluminium  a  most  interesting  subject  of  study  and  specula- 
tion. 

In  the  year  1760,  or  thereabouts,  a  chemist  named  Morveau, 
by  calcining  alum  obtained  a  substance  which  he  called  alumina. 
Shortly  thereafter  Lavoisier  suggested  the  existence  of  metallic 
bases  in  the  earths  and  alkalies,  and,  naturally,  alumina  was  im- 
mediately suspected  of  being  a  metallic  oxide.  Some  interesting 
speculations  were  indulged  in  on  this  subject  and  this  hypotheti- 
cal metal  received  the  name  of  aluminium. 

As  early  as  1807,  Davy  and  others  tried  ineffectually  to  de- 
compose alumina  by  .various  means,  including  the  use  of  the 
electric  current.  A  chemist  named  Oerstedt  thought  he  had 
produced  the  metal  in  1824,  but  a  German  chemist  named 
Wohler  was  the  first  to  actually  demonstrate  its  existence.  He 
extracted  the  metal  in  1827  by  decomposing  the  chloride  of 
aluminium  by  means  of  metallic  potassiuiti;  20  years  later  he 
also  reduced  it  with  metallic  sodium.  The  first  commercial 
product  was  exhibited  in  1854  by  H.  St.  Claire  Deville,  a  French 
chemist,  whose  researches  as  to  its  chemical  and  physical  pro- 
perties (fully  reported  in  ^the  French  journals  of  the  day),  were 
80  thoroughly  exhaustive  that  his  writings  are  still  standard 
authority  on  the  subject.  He  used  several  methods,  the  most 
successful  of  which  was  reduction  by  sodium.  Patronized  by 
Napoleon  the  Third,  who  entertained  great  expectations  concern- 
ing the  use  of  this  metal  in  war  equipment,  Deville  established 
commercial  works  near  Paris,  which,  after  varying  fortunes,  were 
finally  permanently  located  at  Salindres,  France,  and  these  works 
for  many  years  produced  substantially  all  the  pure  aluminium 
consumed  in  the  world.  It  may  interest  you  to  know  that  up  to 
1886  the  annual  production  of  this  metal  was  less  than  10,000 
lbs.,  of  which  6,000  to  8,000  lbs.  were  produced  in  France.  In 
1860  it  sold  at  over  |90  per  lb.  In  1887  it  was  sold  at  $5  per 
lb.  and  is  now  selling  at  |1  for  a  commercially  pure  article — ^this 
term  signifying  about  97  per  cent,  purity  in  the  metal.  It  is 
known  that  by  processes  now  in  operation,  the  metal  can  be 
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produced  in  large  quantities  at  a  price  which  will  put  it  on  a  par 
with  copper,  bulk  for  bulk. 

Until  the  dynamo  came  into  commercial  use,  the  production 
and  development  of  aluminium  was  almost  entirely  along  chem- 
ical lines.  It  is  a  metal  that  possesses  remarkable  affinity  for 
oxygen  and  chlorine,  and,  so  far  as  I  know,  only  potassium  and 
sodium  are  capable  of  extracting  oxygen  and  chlorine  from  it  on 
a  commercial  scale.  Naturally,  therefore,  the  history  of  its  progress 
is  interwoven  with  that  of  the  commercial  manufacture  of  sodium 
and  potassium.  As  early  as  1856,  one  Mons.  Alfred  Monier,  of 
Camden,  N.  J.,  claimed  to  have  successfully  made  sodium  by  a 
continuous  process,  as  a  preliminary  step  in  the  manufacture  of 
aluminium,  and,  later,  he  exhibited  several  small  specimens  at 
the  Franklin  Institute.  This  is  undoubtedly  the  earliest  record 
of  the  production  of  aluminium  in  this  country. 

Three  years  later,  in  1859,  the  first  aluminium  works  in  Eng- 
land were  started  at  Battersea,  near  London,  but  no  details  con- 
cerning them  are  obtainable.  In  1860  other  works  were  success- 
fully established  at  Newcastle-on-Tyne,  by  Dell  Bros.,  which 
were  operated  with  more  or  less  success  until  1874.  These  gen- 
tleinen  seem  to  have  been  close  investigators  of  the  subject,  and 
have  published  important  information  concerning  the  character- 
istics of  this  metal.  Other  spasmodic  attempts  to  establis^h  alu- 
minium works  were  made  in  Germany  and  other  countries,  but  it 
may  be  truthfully  said  that  France,  which  created  that  industry, 
remained  its  home  until  the  development  of  the  electrical  pro- 
cesses which  have  now  superseded  all  others.  The  most  impor- 
tant effort  on  this  line  was  that  of  Mr.  James  Webster,  who,  in 
'  1882,  re-established  the  aluminium  industry  in  England,  forming 
the  Aluminium  Crown  Metal  Company  at  Hollywood,  near  Bir- 
mingham. The  principal  features  of  his  patent,  which  this  com- 
pany operated,  were  the  large  cheapening  of  the  manufacture  of 
alumina  (Ala  Os.)  He  claimed  to  obtain  a  product  containing  about 
eighty-four  per  cent,  of  alumina— a  substantial  gain  upon  other 
known  processes — and  also  to  save  half  the  cost  of  manufacture 
by  utilizing  by-products.  In  fact  this  company  was  for  several 
years  a  successful  competitor  in  the  English  markets  to  the  French 
works  at  Salindres,  though  its  output  was  very  limited. 

About  1886,  a  young  Philadelphian — Mr.  H.  Y.  Castner— in- 
vented and  secured  a  number  of  patents  to  cover  an  improved 
and  economical  method  of  making  sodium,  which  he  claimed  re- 
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duced  its  co8t  to  twenty-live  cents  per  pound.  This  invention  he 
took  abroad  and  in  1887  the  Aluminium  Crown  Metal  Company 
was  re-organized  under  the  name  of  the  Aluminium  Company, 
Limited,  and  extensive  works  for  the  manufacture  of  sodium, 
primarily,  and  of  aluminium,  secondarily,  were  erected  at  Old- 
bury  near  Birmingham.  They  were  completed  in  July,  1888, 
and  were  alleged  to  have  a  very  large  capacity  for  producing 
aluminium.  The  reduction  of  aluminium  at  these  works  was  con- 
ducted strictly  on  the  lines  of  Deville's  process — Castner's  im- 
provements being  solely  in  the  cheapening  of  sodium — and  came 
to  be  known  as  the  Deville-Castner  process.  Considerable  quan- 
tities of  metal  were  produced  at  these  works  and  most  of  it  was 
of  exceptional  purity.  As  long  as  aluminium  ruled  above  $3.00 
a  pound,  they  were  commercially  successful ;  but  inasmuch  as  it 
takes  nearly  three  pounds  of  sodium  to  make  one  of  aluminium 
and  the  various  other  steps  in  the  reduction  are  rather  expensive, 
this  process  has  not  been  able  to  compete  commercially  with  the 
less  costly  electrical  processes,  and  the  Oldbury  works  are  now  de- 
voted exclusively  to  the  manufacture  of  metallic  sodium,  which 
finds  profitable  markets  in  Germany  and  elsewhere,  being  largely 
used  in  the  chemical  manufacture  of  anti-pyrine. 

During  the  development  of  the  various  sodium  processes  to 
which  I  have  above  referred  to.  the  possibility  of  utilizing  elec- 
tricity was  not  neglected.  Among  the  earliest  patentees  in  this 
field,  were  Camille  A.  Faure,  in  1880-4,  and  K.  Gratzel  in  1883. 
Other  inventors  before  those  dates  realized  the  value  of  electric- 
ity in  smelting  and  other  electro-chemical  processes,  but  they 
were  the  first  to  give  practical  direction  to  theoretical  speculation. 
Nothing  has  recently  been  heard  of  Faure's  process,  but  that 
patented  by  Gratzel  in  Germany,  in  1883,  was  practically  util- 
ized by  a  firm  at  Hemelingen,  near  Bremen,  called  the  Alumin- 
ium and  Magnesium  Fabrik.  The  Gratzel  process  consisted,  sub- 
stantially, in  electrolyzing  a  bath  of  fused  chloride  or  fluoride  of 
aluminium  by  means  of  anodes  composed  of  a  mixture  of  carbon 
and  alumina,  the  current  being  furnished  by  a  dynamo,  but  for 
some  reason  it  was  abandoned  by  the  company,  in  1887,  for  an- 
other process,  the  nature  of  which  has  been  kept  a  profound 
secret. 

Between  18S3  and  1886  a  number  of  inventors  secured  patents 
for  electrical  processes,  but  1  need  only  mention  those  which,  in 
the  struggle  for  the  survival  of  the  fittest,  have  come  into  coni^ 
mercial  prominence. 
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On  April  2d,  1889,  Mr.  Charles  M.  Hall,  of  Oberlin,  Ohio, 
secured  patents  for  a  process  of  reducing  pure  aluminium.  In 
this  process,  alumina  is  dissolved  in  a  fluid  bath  composed  of 
aluminium  fluoride  and  potassium  fluoride,  with  perhaps  an  ad- 
dition of  lithium  fluoride,  this  bath  then  being  electrolyzed  by 
means  of  an  electric  current  conveyed  to  a  carbon-lined  furnace 
through  an  anode  of  some  non-carbonaceous  material.  In  elec- 
trolyzing  this  bath,  the  containing  vessel  is  made  to  serve  the 
purpose  of  the  negative  electrode.  In  another  patent,  Mr.  Hall 
claims  the  use  of  a  bath  composed  of  alumina  dissolved  in  com- 
pound fluorides  of  aluminium  with  alkaline  earthy  metals,  and 
in  still  another  patent  the  use  of  a  bath  composed  of  alumina 
dissolved  in  the  fluorides  of  aluminium,  calcium  and  sodium ; 
these  materials  being  obtained  by  melting  together  aluminium 
fluoride,  fluorspar  and  kyrolith.  \Vith  this  latter  bath  a  carbon 
anode  can  be  used  without  the  bath  being  affected  by  its  dis- 
integration. 

The  Hall  group  of  patents  is  now  controlled  by  the  Pitts- 
burgh Reduction  Co.,  of  Pittsburgh,  Pa.,  which  has  had  its  metal 
on  the  market  since  March,  1889.  The  plant  has  a  daily 
capacity  for  producing  about  300  pounds  of  metal  the  sell- 
ing price  of  which  was  $2.00  per  pound,  antil  the  early  part 
of  March  last,  when  it  was  reduced  to  f  1.00  per  pound  for  com- 
mercially pure  aluminium,  of  a  guaranteed  purity  of  ninety-seven 
per  cent.  The  reduction  in  price,  considered  in  conjunction  with 
the  limited  amount  of  pure  metal  produced,  would  appear  to  con- 
firm the  generally  received  impression  that  while  the  pure  metal 
is  specially  adapted  to  the  manufacture  of  articles  of  art  and 
ornament,  it  is  not  displacing  tin,  platinum,  silver,  etc.,  to 
anything  like  the  extent  its  admirers  have  supposed  it  would. 
The  fact  is,  aluminium  as  a  pure  metal  is  not  destined  largely  to 
supplant  other  metals  in  the  arts  and  manufactures.  It  is  to  its 
alloys  that  we  must  look  to  redeem  the  inflated  reputation  of  the 
pure  metal.  The  true  value  and  use  of  aluminium  seems  to  have 
been  forecast  by  Deville,  who  predicted  for  it  an  intermediate 
position  between  the  precious  and  baser  metals,  in  which  relation 
to  manufactures  he  said  it  was  destined  to  fill  a  long  felt  and  im- 
portant want.  He  doubtless  referred  to  the  pure  metal  but 
curiously  enough,  his  prediction  applies  with  greater  force  to  its 
alloys,  which  have  been  demonstrated  by  actual  use  and  thorough 
tests  to  possess  physical  and  chemical  propertiesgthat)yplaced>^ii 
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above  all  other  alloys  of  copper,  iron,  and  in  some  instances  even 
of  steel. 

The  electric  smelting  process  of  the  Messrs.  Cowles,  of  Cleve- 
land, Ohio,  was  the  first  to  secure  a  commercial  footing  in  this 
country.  These  gentlemen  have  taken  out  a  series  of  patents 
covering  their  process,  and  they  have  exhibited  very  commend- 
able energy  and  perseverance  in  establishing  a  market  for  their 
products.  Both  the  process  itself  and  apparatus  used  have  been 
so  frequently  and  minutely  described  that  they  are  doubtless 
familiar  to  all  of  you  and  a  recapitulation  of  its  details  in  this  pa. 
per  would  be  superfluous.  As  defined  in  numerous  papers  and 
publications  emanating  from,  or  inspired  by  the  inventors,  the 
process  may  be  described  as  the  reduction  of  metals  by  smelt- 
ing their  ores  with  heat  produced  by  the  passage  of  an  electric 
current  through  broken  resistance  material— that  is,  in  the 
presence  of  an  incandescent  material  (carbon  being  generally 
preferred).  Stress  is  laid  on  the  alleged  fact  that  the  reduction 
is  purely  and  solely  a  smelting  operation,  due  to  a  heat  far 
greater  than  can  be  obtained  by  any  agency  other  than  the  elec- 
tric current.  The  electrical  (chemical)  effect  of  the  current  is  dis- 
tinctly disclaimed  in  their  patents  and  publications.  Perhaps 
I  may  not  unprofitably  consume  a  part  of  your  time  by  ex- 
plaining that  the  furnaces  used  at  the  company's  extensive  works 
at  Lockport,  are  rectangular  and  oblong  in  shape,  comparatively 
shallow,  and  are  composed  exteriorly  of  walls  of  fire  brick  or 
metal,  lined  with  pulverized  charcoal  or  other  form  of  carbon  or 
similar  material,  of  electrical  conductivity  inferior  to  the  ore  to 
be  smelted ;  this  material  being  generally  previously  saturated 
with  lime  water  to  increase  its  resistance  to  heat.  At  each  end 
of  these  furnaces  are  inserted  rods  of  carbon  which,  passing 
through  the  walls  and  linings,  are  brought  very  nearly  into  con- 
tact within  the  body  of  the  furnace  and,  being  connected  to 
suitable  wires  or  cables  coupled  to  the  dynamo,  constitute  the 
positive  and  negWive  electrodes.  The  charge  consists  ordinarily 
of  a  mixture  (in  different  proportions)  of  an  electrically  resisting 
material — such  as  electric  light  carbon — and  the  ore  to  be  re- 
duced ;  though  (in  cases  where  the  ore  itself  has  sufficient  electric 
resistance)  the  carbon  is  sometimes  dispensed  with.  The  charge 
fills  the  furnace  and  presses  against  the  sides  and  ends  of  the 
electrodes  which  project  into  the  furnace.  When  a  current  of 
electricity  is  passed,  the  electrodes  are  so  adjusted  as  to  form  an 
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arc,  and  the  current  then  flows  from  the  sides  and  ends  of  the 
electrodes  through  the  broken  resistance  material,  which,  of 
course,  becomes  incandescent,  and  the  intense  heat  developed  by 
this  incandescence  reduces  the  ore ;  the  metal  flowing  to  the  bottom 
of  the  crucible  and  being  subsequently  tapped  or  dipped  out  when 
the  charge  is  consumed.  The  gases  liberated  jn  the  operation 
pass  out  through  openings  in  the  fire-brick  cover  of  the  furnace. 
From  the  character  of  the  apparatus  and  manufacture  or  operar 
tion  described,  it  will  be  obvious  to  you  that  the  reduction  of  the 
metal  is  (as  claimed  by  the  Cowles  Company)  accomplished  by 
means  of  heat  generated  by  the  passage  of  an  electric  current 
through  a  mass  of  high  resistance  material,  and  that  if  the 
chemical  effect  of  the  current  assists  the  reduction  at  all,  such 
utilization  is  entirely  accidental  and  unsought.  Neither  aluminium 
nor  any  other  metal  is  produced  on  a  commercial  scale  by  this 
process  as  pure  metal. 

The  principal  rival  to  the  Cowles  process  for  producing  alu- 
minium alloys  is  the  Heroult  process,  which  reduces  aluminium 
and  other  metals  from  their  refractory  ores  in  the  presence  of 
another  alloying  metal  and  is  contradistinguished  from  the 
Cowles  process  mainly  by  the  fact  that  it  operates  exclusively — 
or  at  least  almost  entirely — by  utilizing  the  chemical  or  electro- 
lyzing  action  of  the  current.  This  process  is  the  invention  of  a 
young  French  electrical  engineer  named  Paul  L.  T.  Heroult, 
whose  affiliations  with  the  firm  of  Messrs.  Henry  Merle  &  Co., 
owning  and  operating  the  Deville  Aluminium  Work  sat  Salindres, 
and  his  subsequent  studies  at  the  Polytechnic  Schools  at  Paris 
and  Switzerland,  first  directed  his  attention  to  the  electrical  re- 
duction of  aluminium.  In  1886-7  he  secured  French,  English  and 
other  European  patents,  covering  several  processes  for  the  ex- 
traction of  aluminium,  silicon,  boron,  etc.,  from  their  ores,  both 
as  pure  metaln  and  in  the  form  of  alloys.  On  August  14th,  1888, 
he  secured  a  United  States  patent  No.  387,876  for  the  process  of 
preparing  aluminium  bronzes  and  their  alloys,  and  it  is  under- 
stood has  pending  in  the  Patent  Office  a  series  of  applications 
covering  other  parts  and  features  of  his  inventions.  Though  the 
Heroult  processes  have  been  very  little  discussed  or  even  de- 
scribed in  print,  and  are  therefore  almost  wholly  unknown  to 
the  public,  their  commercial  success  abroad  has  been  far  greater 
than  has  attended  any  other  aluminium  process,  and  while  those 
owning  the  American  patents  seem  as  yet  to  have  done  little  in 
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the  way  of  exploiting  them,  the  success  of  a  small  plant  put  into 
operation  at  Boonton,  K.  J.,  for  private  demonstration  purposes, 
in  April,  1890,  has  been  such  as  to  give  it  rank  among  the  pro- 
minent aluminium  processes  in  this  country.  Having  had  excep- 
tional facilities  for  studying  the  workings  of  this  plant 
during  the  past  four  months,  I  might  he  pardoned— especially  as 
so  little  is  publicly  known  of  it — for  describing  it  at  length,  but 
as  I  particularly  desire  in  this  paper  to  direct  your  attention  to 
the  electrical  apparatus  used  at  Boonton,  by  way  of  illustrating 
the  great  power  and  value  of  the  electric  current  in  metallurgical 
operations,  it  will  suffice  here,  to  say  that  the  patents  of  this 
young  engineer,  having  first  been  acquired  by  Swiss  capitalists, 
were  afterwards  bought  by  the  celebrated  syndicate  which,  under 
the  name  of  the  AUegemeinen  Electricitats  Gerellschaft  of  Berlin, 
substantially  controls  the  entire  electrical  field  in  Germany.  This 
syndicate,  after  carefully  examining  all  other  processes  then 
known,  invested  ten  millions  of  francs  in  the  Heroult  process  and 
are  operating  very  extensive  works,  which  obtain  their  power 
from  the  falls  of  the  Rhine,  at  SchaflFhausen.  There  they  produce 
not  only  pure  aluminium  and  all  its  alloys,  but  also  alloys  of  sili- 
con and  other  metals.  Those  works  are  supplied  partly  with 
dynamos  of  the  type  I  wish  especially  to  describe  to  you,  and 
partly  with  dynamos  of  600  electrical  horse-power,  a  complete 
description  of  which  I  regret  I  am  not  able  to  place  before  you 
at  this  time,  as  they  would  interest  you.  These  machines  weighing 
over  fifty  tons  each,  revolve  horizontally;  they  have  24  pole- 
pieces  with  collectors  over  12  feet  in  diameter,  and  were  especi- 
ally designed  for  economical  work. 

To  give  you  a  comprehensive  idea  of  the  method  employed  by 
Mr.  Heroult  in  manufacturing  aluminium  and  its  alloys — and  so 
far  as  electrical  apparatus  is  concerned,  there  is  little  difference 
between  his  and  the  Cowles  process — it  will  be  best  to  describe 
the  electrical  plant  and  crucible  separately. 

In  the  electrical  apparatus  the  most  important  feature,  of 
course,  is  the  dynamo  which  generates  the  current.  This  machine 
was  designed  by  Mr.  C.  E.  L.  Brown  of  the  Oerlikon  Works, 
Zurich,  specially  for  electro-metallurgical  work  and  is  the  only 
one  of  its  kind  in  America.  It  weighs,  complete,  over  19  tons 
and  when  driven  at  220  revolutions  generates  a  current  of  35 
volts  and  3,500  amperes.  The  general  appearance  and  design 
of  the  machine  is  very  well  shown  in  the  following  illustration 
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(Fig.  1.)  It  is,  as  yoa  will  observe,  a  six  pole  machine:  having 
an  annature  of  the  Gramme  ring  type,  and  the  •  current  is 
taken  oflf  commutators  at  either  end,  by  72  brushes.  The  armature 
is  39  inches  in  diameter,  and  the  shaft,  (including  its  clutch,)  is 
11  feet  7  inches  long.  The  commutators  are  each  19  inches  in 
diameter  and  2'J  inches  long ;  each  commutator  containing  60 
segments  weighing  13  lbs.  apiece,  or  a  total  of  780  lbs.  for  the 


Fig.  I  -  Oerlikon  Dynamo  at  Boonton,  N.  J. 


segments  for  one  commutator  alone.  The  core  of  the  armature 
consists  of  a  very  large  number  of  sheet  iron  discs  clamped 
together  in  a  frame  of  aluminium-bronze.  About  f  of  an  inch 
from  the  outside  edge  of  the  core,  120  holes  extend  from  one  end 
to  the  other,  through  each  of  which  passes  a  copper  wire  \  inch  in 


diameter. 


These  wires,  which  of  course  are  thoroughly  insulated 
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from  the  core,  form  part  of  the  winding.  The  remainder  of  the 
winding  is  composed  of  copper  hars^of  an  inch  think.  81  inches 
long  and  2  J  inches  wide.  The  ^hape  of  these  bars  and  the  interior 
appearance  of  the  armature  can  readily  be  seen  in  the  illustration 
(Fig.  2).  This  photograph  was  taken  about  6  months  ago,  while 
the  armature  was  being  repaired  in  consequence  of  an  accident. 
Though,  as  previously  mentioned,  the  works  at  the  Rhine  Falls 


FiQ.  2.— Armature  of  Oerlikon  Dynamo. 

are  in  part  equipped  with  much  larger  dynamos,  of  (JOO  electrical 
horse-power,  it  has  been  found  that  they  do  not  give  nearly  as 
economic  results  as  the  other  dynamos  of  the  kind  I  have 
attempted  to  describe.  This  latter  type  is  also  in  universal  use 
at  Mr.  Heroult's  own  works  at  Froges,  France.  At  the  time  a 
friend  visited  the  Scliaffhausen  works  last  summer,  one  of  these 
150  horse  power  machines  had  been  running  without  a  moment's 
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intermisfiion  five  months,  and  another  nearly  f onr  months.  Though 
rated  at  150  horse-power  by  the  Swiss  makers,  the  same  machine 
in  this  country  would  be  rated  at  over  200  horsepower,  and  would 
be  driven  at  much  greater  velocity.  In  actual  work  they  are 
frequently  run  up  to  300  revolutions,  and  though  it  sometimes 
happens  in  practical  operations  that  heavy  short  circuits  occur, 
there  is  hardly  any  perceptible  sparking  at  the  brushes,  even 
when  the  current  rises  to  8,000  or  more  amperes.  The  indicator 
attached  to  two  of  these  machines  (coupled  in  series)  at  the  Rhine 
Falls  has  frequently  recorded  25,000  amperes  without  any  evi- 
dence of  the  short-circuiting  appearing  at  the  brushes. 

At  the  Rhine  Falls,  at  Froges,  and  at  Boonton,  these  machines 
are  coupled  directly  to  turbine  wheels  arranged  upon  horizontal 
shafts.  The  frame  to  which  the  field-magnets  are  attached  is  a 
solid  casting,  weighing  alone  over  9  tons.  The  field-magnets  are 
excited  by  a  smaller  dynamo  driven  by  belting  from  a  pulley  on 
the  main  shaft.  This  smaller  machine  was  also  designed  by  Mr. 
C.  E.  L.  Brown ;  the  armature  being  similar  to  that  of  the  large 
machine,  except  that  it  has  but  one  commutator.  This  exciting 
machine  is  run  at  60  volts  and  120  amperes,  and  its  performance 
is  worthy  of  all  praise. 

At  Boonton  the  'bus  wires  are  8  in  number ;  4  positive  and  4 
negative ;  each  wire  being  square  and  having  a  cross-section  of 
one  inch.  They  are  in  fact,  rolled  copper  bars,  uninsulated,  be- 
cause the  low  potential  of  the  current  requires  no  special  insula- 
tion. An  ammeter  is  placed  in  the  main  circuit  by  a  simple 
arrangement,  for  the  guidance  of  the  workman  who  specially 
looks  after  the  crucible.  The  distance  from  the  dynamo  to  the 
furnace,  (which  is  situated  in  another  room),  is  only  14  feet. 
The  4  positive  wires  pass  directly  to  the  clutch  which  holds  the 
anode,  and  the  4  negative  wires  pass  from  the  ammeter  back  to 
the  dynamo. 

The  crucible  (of  which  Fig.  3  gives  a  good  representation, 
together  with  the  method  now  in  use  for  raising  and  lowering 
the  anode)  is  composed  of  a  strong  iron  box  which  has  a  deep 
lining  of  carbon,  previously  ground  very  fine,  mixed  with  suffi- 
cient tar  and  thoroughly  compacted  on  the  bottom  and  around 
the  sides  of  the  containing  iron  box.  After  the  furnace  is  thus 
re-lined,  the  carbon  is  baked  in  order  to  drive  away  the  tar  and 
harden  the  lining.  You  will  see  that  the  position  of  this  cruci- 
ble is  directly  the  reverse  of  those  used  by  the  Cgip|gft3|<9}5RaAjte 
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and  that  the  carbon  crucible  itself  actually  forms  part  of  the 
electric  circuit.  Unlike  the  Cowles  process,  Heroult's  is  a 
continuous  process ;  the  reduced  metal  being  tapped  from 
the  bottom  of  the  crucible  while  the  machine  is  merely  stopped 
or  slowed  down  for  a  few  minutes.     The  interior  dimensions 


Fig  8. — A  Heroult  Crucible  used  in  Aluminium  Extraction. 

of  the  crucible  vary  with  the  ore  to  be  reduced,  and  the  size 
and  character  of  the  anode  used.  Ordinarily  it  has  an  in- 
terior depth  of  about  22  inches  and  a  clear  space  of  6  inches 
between  the  walls  and  exterior  surface  of  the  anode.  The  elec- 
tric current  passes  into  the  crucible  through  the  suspended 
carbon  anode,  the  vertical  position  of  which  is  controlled  by  an 
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attendant  who  lowers  it  from  time  to  time  to  preserve  an  ap- 
proximately constant  distance  between  the  bottom  of  the  anode 
and  the  surface  of  the  molten  bath  in  the  crucible.  The 
anode  usually  dips  several  inches  into  this  molten  bath  and  in 
practice  the  intervening  space  between  its  bottom  and  the  surface 
of  the  molten  metal,  is  kept  at  about  an  inch  by  the  attendant, 
who  by  watching  the  needle  of  the  ammeter  is  enabled  to  main- 
tain the  electrode  in  its  proper  relative  position  witliout  difficulty. 
In  order  to  get  as  perfect  a  contact  as  possible,  between  the 
furnace  and  the  cables  leading  therefrom  back  to  the  dynamo, 
the  cables  are  firmly  clamped  to  a  large  block  of  zinc,  which 
projects  from  the  rear  of  the  furnace  and  is  kept  cold  by  water 
circulating  in  pipes  around  which  the  zinc  is  cast.  While,  pro- 
perly speaking,  the  crucible  has  no  top,  as  a  rule  plates  of  carbon 
imbedded  in  dry  alxmaina  spread  over  the  top  of  the  crucible, 
are  so  adjusted  as  to  fit  close  to  the  anode  in  order  to  retain  most 
of  the  heat.  The  mouth  of  the  crucible  is  formed  of  slabs  of 
carbon  built  up  funnel  shape.  The  hearth  or  floor  is  pierced  by 
a  tap  hole,  which  is  kept  closed  by  a  plug  of  carbon  or  fire  clay, 
and  is  opened  from  time  to  time  to  allow  the  molten  metal  to 
run  into  a  carbon  lined  ladle,  from  which  it  is  cast  into  ingots. 

There  are  a  few  distinctive  but  not  important  differences  be- 
tween Heroult's  method  of  making  alloys  and  reducing  pure 
metals  simply.  In  making  alloys,  the  base  alloying  metal  is  first 
melted  in  the  crucible  by  the  current,  or  molten  metal  is  poured 
into  the  furnace,  to  form  a  liquid  metallic  cathode.  This  is  usu- 
ally simply  and  economically  accomplished  by  throwing  pieces 
of  the  metal — copper  for  instance — ^into  the  furnace,  seating  the 
anode  upon  them  and  passing  the  current.  At  first  the  current 
is  very  unsteady,  arcs  constantly  forming  between  the  copper 
and  the  anode,  but  when  the  copper  is  entirely  melted  (and  it 
takes  but  a  very  few  minutes  to  melt  200  or  300  pounds)  the  ore 
to  be  reduced  is  added  in  sufficient  quantities  to  form  a  bath, 
and  floats  on  top  of  the  molten  copper.  The  anode  having 
been  raised  so  as  to  leave  a  space  of  about  an  inclj  between  its 
bottom  and  the  molten  copper,  the  current  becomes  steady,  and 
the  operation  is  established.  Thereafter  the  ore  is  introduced  in 
small  quantities,  at  frequent  and  regular  intervals,  until  tlie  de- 
sired percentages  of  aluminium  or  silicon  contained  in  the  alloy 
have  been  secured.  This  percentage  can  be  regulated  entirely  at 
will  up  to  about  seventy  per  cent,  of  reduced  metalf ^  ^Wd^bX^- 
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nal  heat  is  used,  and  the  process  is  absolutely  continuous  at  the 
will  of  the  operatives,  which  are  special  features  of  the  Ileroult 
system.  The  passage  of  the  electric  current  through  the  bath 
serves  not  only  to  keep  the  copper  in  a  fluid  state  and  to  melt 
the  ore,  but  also  electrolyzes  and  decomposes  the  latter.  It  is  a 
point  of  careful  regulation  in  the  Heroult  processes  to  maintain 
only  sufficient  heat  to  keep  the  bath  fluid,  since  any  further  ex- 
penditure is  not  only  useless  but  lessens  the  output.  The  oxy- 
gen from  the  reduced  metal  combining  with  the  carbon  of  which 
the  anode  is  composed  is  burnt  with  the  production  of  carbonic 
oxide  gas,  which  escapes  from  the  crucible  around  the  sides  of 
the  anode  and  at  the  feed  hole.  The  product  is  withdrawn  at 
intervals  by  tapping  the  bottom  of  the  crucible  as  in  ordinary 
smelting.  Each  time  the  metal  is  tapped,  a  sample  is  carefully 
preserved  for  accurate  analysis,  to  determine  the  percentage  of 
contained  aluminium. 

From  a  metullurgical  point  of  view,  the  amount  of  labor  re- 
quired to  operate  this  process  is  astonishingly  small.  The  metal 
produced  in  the  Heroult  furnace  is  sold  generally  in  ingot  foiTu, 
just  as  it  is  tapped,  without  re  melting  or  being  subject  to  any 
purifying  manipulation.  It  is  always,  however,  very  pure,  some 
times  dropping  as  low  as  ninety  eight  and  one-haM,  but  generally 
running  over  ninety-nine  per  cent,  of  absolute  purity.  This  is 
largely  due  to  the  great  care  exercised  in  selecting  raw  materials. 
In  making  bronzes,  the  best  Lake  Superior  copper  is  used,  while  the 
oxide  from  which  the  aluminium  is  reduced  is  an  artificial  product, 
manufactured  in  Prussia.  The  number  of  materials  from  which 
aluminium  may  be  reduced  by  these  processes  is  very  large,  but 
the  strong  influence  exerted  upon  this  metal  by  impurities  re- 
duces those  ores  commercially  available  in  this  country  to  corun- 
dum and  beauxite,  both  of  which  are  largely  used  in  making  low 
grade  metal  for  treating  iron  and  steel  Kryolith — natural  or 
artificial — is  another  mineral  that  plays  an  important  part  in  the 
commercial  production  of  pure  aluminium,  since  it  is  the  best 
fiux  for  alumina,  the  ore  from  which  the  metal  is  generally  re- 
duced. There  is  to  a  certain  extent  a  diversity  of  opinion  in  re- 
gard to  the  value  and  properties  of  aluminium,  which  is  partly 
the  natural  sequence  to  the  illusions  and  exaggerated  opinions  con- 
cerning its  commercial  and  practical  value,  resulting  from  the 
romantic  descriptions,  speculations  and  suggestions,  with  which 
our  scientific  and  trade  literature  have  been  filled  ever  since  I  )e- 
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villes's  researches  were  published,  and  partly  the  result  of  impur- 
ities in  the  metal  as  ordinarily  produced.  For  thirty-five  years 
after  Deville first  produced  it,  aluminium,  though  much  talked  of,, 
was  but  little  seen  outside  of  laboratories  and  lecture  rooms,  ex- 
cept as  we  find  it  on  the  Freneh  and  English  markets  manufjictured 
into  ornamental  shapes,  it  is  only  since  1  ^86  that  it  has  been  manu- 
factured in  sufficient  quantities  and  at  sufficiently  low  prices  to 
permit  practical  metal  workers  to  test  its  properties  on  an  ade- 
quate scale  The  very  unusual  qualities  which  give  it  merit,  and  the 
great  depreciation  it  undergoes  when  only  slightly  contaminated 
with  foreign  impurities,  suck  as  iron  and  silicon,  together  witli 
the  further  fact  that  it  has  only  been  recently  commercially  pro- 
duced of  ninety-nine  per  cent,  purity,  have  had  a  tendency  to 
prejudice  this  metal  in  the  eyes  of  practical  people.  From  this 
depression  it  will  slowly  recover  as  they  secure  pure  metal.  In 
fact  this  very  condition  was  forseen  by  Deville,  who  very  early 
pointed  out  that  those  handling  aluminium  and  its  alloys  would 
he  disappointed  at  the  poor  results  they  obtained  where  they 
used  metal  containing  more  than  one  per  cent,  of  impurity. 

Pure  aluminium  has  a  beautiful  white  color,  slightly  tinged 
with  blue.  It  is  somewhat  fibrous  in  structure  and  bends  consid- 
erably before  breaking.  If  the  metal  contains  more  than  one 
per  cent,  of  impurity  it  becomes  brittle  and  has  a  crystalline 
structure.  When  pure,  it  is  soft  enough  to  be  easily  cut  with  a 
knife,  while  the  addition  of  a  few  per  cent,  of  impurities  makes 
it  exceedingly  hard.  It  melts  at  a  slightly  lower  temperature 
than  silver,  and  has  a  specific  gravity  of  2.6.  Taking  aluminium 
at  1.0  the  following  table  (from  Deville),  will  be  of  interest,  as 
showing  the  comparative  weights  of  the  different  metals. 

Platinum «.6 

Gold 7.7 

Lead 4.8 

Mercury 4.2 

Copper ....  3.6 

Iron 2.9 

Tin        2.8 

Zinc 2.8 

Aluminium 1.0 

The  pure  metal  takes  a  beautiful  polish,  uniting  with  oxygen 
slowly  and  with  great  difficulty,  even  at  a  red  heat ;  and  when 
(from  long  exposure),  it  finally  acquires  a  very  thin  coating  of 
oxide,  it  is  not  perceptibly  tarnished.  This  coating  of  oxide 
protects  it  from  further  atmospheric  or  other  baneful  infiuence9v> 
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It  is  well  known  that  pure  aluminium  can  be  drawn  out  into  the 
finest  wire  or  into  tubes ;  rolled  into  plates,  stamped  into  medals 
(similar  to  those  distributed  at  the  recent  Electric  Light  Conven- 
tion) beaten  into  the  finest  foil,  etc.  It  has  an  elasticity  similar 
to  that  of  silver,  and  a  tensile  strength  of  about  26,800  pounds 
per  square  inch.  The  addition  of  6  per  cent,  of  copper,  however, 
increases  the  tensile  strength  to  that  of  wrought-iron,  and  a 
slight  percentage  of  silicon  raises  its  strength  to  90,000,  though 
at  the  expense  of  other  qualities. 

The  compounds  of  aluminium  formed  by  the  addition  of 
copper,  brass  or  iron,  are  unquest'onably  the  most  commercially 
important  of  the  aluminium  alloys.  Aluminium  combines  with 
copper  in  all  proportions,  but  its  alloys  are  as  easily  influenced 
by  impurities  as  is  the  pure  metal.  It  is  an  important  fact  worth 
noting  that,  when  alloys  are  made  by  mechanically  mixing 
aluminium  and  copper,  iron,  etc.,  the  product  must  be  re-melted 
a  number  of  times  to  secure  any  uniformity  in  the  texture  of 
the  alloy.  The  finest  alloys,  by  far,  are  those  made  by  uniting 
the  aluminium  to  the  basic  metal  in  atomic  proportions,  as  it  is  re- 
duced, as  in  the  Heroult  process,  the  uniformity  of  whose  alloys  is 
remarkable.  Probably  the  most  useful  compound  of  aluminium 
and  copper  is  what  is  known  as  10  per  cent,  bronze,  containing 
10  per  cent,  aluminium  and  90  per  cent,  of  copper.  This  alloy 
is  an  almost  perfect  imitation  of  gold  in  color,  and  is  susceptible 
of  taking  and  retaining  a  most  beautiful  polish.  It  can  be  rolled, 
or  drawn,  or  cast  very  readily,  but  in  casting,  the  bronze  shrinks 
considerably,  and  care  must  be  taken  to  have  the  feeders  amply 
large.  The  tensile  strength  of  this  bronze  is  enormous,  and  the 
following  table  from  "Trautwine's  Engineer's  Pocket  Book" 
shows  it  in  comparison  with  other  metals : 

Tensile  Streogth. 

Cast  brass 28,000 

Annealed  bruss  wire 49,000 

Cast  copper 24,000 

Copper  bolts 88,000 

Annealed  copper  wire 82,000 

Qun  bronze  of  copper  and  tin  (cast) 89,000 

Cast-iron  gun  metal,  U.  S.  Ordnance 80,000 

Average  American  cast-iron 16,000 

Good  wrought-iron 50,000 

Best  American  wrought-iron  exceptional 70,000 

Iron  wires,  rope 88,000 

Malleable  iron  castings 48,000 

Steel  plates  (rolled) 81,000 

Cast  steel,  ayerage  Bessemer  ingots 68,000 

Aluminium  bronze,  in  castings,  over 100,000 

Aluminium  bronze  "  special  ^  in  castings  up  to 180,600      j 
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[Communicated  after  Adjoubnment  by  Pkof.  M.  G.  Paemee.] 
During  the  year  1859,  while  1  was  experimenting  upon  wires 
of  different  materials  for  the  purpose  of  producing  an  electric 
light,  I  chanced  to  try  a  wire  of  aluminium.  When  the  wire 
was  well  heated  by  the  electric  current,  I  noticed  that  the  light 
given  out  by  it  approached  quite  closely  in  brilliancy  to  that  giv- 
en out  by  incandescent  platinum.  When  I  approached  a  steel 
darning  needle  to  the  wire  loop  I  saw  that  the  wire  was  deflected, 
as  any  wire  should  be  which  carried  an  electric  current  in  a  mag- 
netic field.  Its  behavior  was  different  in  this  respect :  a  wire  of 
platinum  would  retain  much  of  its  elasticity  even  when  heated 
to  a  high  temperature ;  not  so  with  the  wire  of  aluminium,  it 
seemed  to  wholly  lose  its  elasticity,  and  was  as  mobile  or  flexible 
as  a  string  or  thread.  1  do  not  know  what,  but  something 
prompted  me  to  puncture  the  heated  aluminium  wire,  and  when 
I  withdrew  the  darning  needle  there  followed  it  a  stream  of 
melted  aluminium  to  a  distance  as  great  as  one  quarter  of  an  inch 
or  more.  I  swung  the  loop  but  the  wire  did  not  fall  apart, 
although  it  was  fluid  internally,  but  exteriorly  it  seemed  coated 
with  an  oxide  which  retained  its  cohesion  and  supported  the  wire 
against  gravity.  1  noticed  that  the  wire  after  it  had  been  heated 
and  cooled  once  or  twice,  was  shrivelled  and  appeared  shrunken 
like  to  a  shed  snake  skin. 

My  next  experiment  of  promise  was  in  1856, when  I  deposited 
electrolytically  some  aluminium  upon  a  copper  wire ;  I  also  coat- 
ed a  german-silver  spoon  with  it  and  the  plating  was  well  done 
and  it  wore  well.  This  experiment  led  me  to  predict  at  that 
time  that  at  some  future  date  aluminium  would  be  produced  and 
sold  profitably  at  65  cents  per  pound.  I  was  not  so  far  out,  for 
at  this  date,  1891,  the  Pittsburgh  Keduction  Company  offers  it 
for  sale  at  $1.60  per  pound,  and  an  inferior  quality  at  90  cents 
per  pound,  although  in  1856  I  was  obliged  to  pay  $2.50  per 
ounce  avoirdupois  for  the  metal  which  I  was  using  in  my  exper- 
iments. From  the  counter-electromotive-force  apparent  in  the 
circuit,  I  was  led  to  think  that  several  crucibles  or  tanks  arranged 
in  series  would  be  worked  more  cheaply  than  a  single  crucible  or 
tank.  My  reasonings  on  this  point  led  me,  in  1885,  to  apply  for 
a  patent,  and  on  April  7th  of  that  year  patent  No.  315,266  was 
granted  to  me,  which  shows  crucibles  arranged  in  series  in  the 
circuit.  About  the  year  1863, 1  commenced  making  experiments 
on  alloys  of  aluminium  with  various  other  metals,  such  as  copper, 
silver,  zinc,  tin,  nickel,  cadmium,  iron,  etc.      I  patented^tw^AC 
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these  alloys,  one  of  which  No.  38,301  covered  the  composition 
of  an  alloy  which  so  closely  resembled  18  carat  gold  as 
to  deceive  the  most  experienced  dealers  in  that  metal  when 
judging  merely  by  its  looks.  I  made  of  this  alloy  watch 
cases,  chains,  thimbles,  knives,  forks,  spoons,  and  some  of  these 
are  now  in  good  condition. 

The  second  patent,  No.  44,086,  was  for  an  alloy  which  should 
be  adapted  for  sheathing  metal  for  ship's  bottoms,  but  the  then 
price  of  aluminium  was  prohibitory.  I  made  of  this  alloy  keys, 
ship's  nails,  balls  for  grinding  gunpowder  without  striking  fire, 
and  many  other  useful  things.  I  had  a  blacksmith  draw  out 
one  of  these  nails  to  double  its  original  length  without  cracking 
it  in  the  least,  and  although  it  was  stretched  from  2ito  4^  inches 
in  length,  yet  it  showed  no  flaw.  I  drove  a  nail  which  was  1\ 
inches  in  length,  into  a  block  of  lead  its  whole  length  without 
seriously  bending  or  crippling  it.  I  presume  that  at  that  date  I 
compounded  more  than  one  hundred  of  these  different  alloys.  I 
look  upon  the  alloys  of  aluminium  with  other  metals  as  a  most 
promising  field  of  investigation.  I  tested  wires  made  from  some 
of  these  alloys  which  did  not  break  short  of  130,000  lbs.  per 
square  inch.  The  shrinkage  of  these  alloys  when  cast  is  remark- 
able, and  needs  to  be  provided  against.  Among  the  many  of 
these  alloys  which  I  compounded  was  one  which  had  a  peculiar 
"  cry "  when  passing  through  the  rolls,  resembling  block  tin 
when  it  is  bent,  only  that  it  was  much  louder,  and  it  lasted  as 
long  as  ten  minutes  perhaps,  and  it  could  be  heard  at  the  dis- 
tance of  75  to  100  feet. 

I  come  next  to  the  very  interesting  paper  of  Mr.  Brown.  He 
says  in  eflfect  that  there  is  at  Boonton  a  dynamo  weighing  over 
19  tons  which  will,  at  an  armature  velocity  of  220  revolutions 
per  minute,  maintain  a  current  of  3,500  amperes  under  a  pressure 
of  35  volts ;  of  course  the  total  resistance  of  the  circuit  must  not 
exceed  .01  ohm  in  order  for  this  current  to  be  possible.  This 
resistance  must  include  the  resistance  of  the  crucible,  plus  that  of 
the  dynamo,  plus  that  of  the  leading  wires  or  conductors  which 
complete  the  circuit.  The  distance  of  the  dynamo  from  the  cru- 
cible is  stated  to  be  about  14  ft.  and  the  cross-section  of  these 
conductors  is  given  as  about  4  square  inches ;  hence  this  leading 
wire  resistance  may  be  about  .0008  ohms.  He  does  not  give  us 
the  resistance  of  the  crucible  nor  its  complete  dimensions  nor  the 
specific  resistance  of  the  contents  of  the  crucibles  '^  all  we  can  in- 
fer is  that  the  total  resistance  of  the  circuit  cannot  exceed  .01 
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ohm.  Now  a  current  of  one  ampere  can  liberate  .00114  lbs.  of 
aluminium  per  hour,  hence  a'current  of  3,500  amperes  can  liber- 
ate not  more  than  3.99  lbs.  of  aluminium  per  hoar,  or 
95.76  lbs.  in  a  day  of  24  hours,  and  it  would  require  at 
least  164.1  h.  p.  to  turn  the  dynamo  while  doing  it,  were 
the  efficiency  of  the  system  unity,  but  as  its  efficiency 
probably  does  not  exceed  90  per  cent,  it  would  require  183.75  h. 
p.  for  the  liberation  of  the  3.99  lbs.  in  one  hour,  or  at  the  rate 
of  46  h.  p.  for  the  liberation  of  one  pound  of  aluminium. 

In  a  recent  lecture  delivered  in  Boston  by  Mr.  Alfred  E. 
Hunt,  President  of  the  Pittsburgh  Reduction  Company,  he  states 
that  it  requires  about  22  h.  p.  to  liberate  one  pound  of  aluminium 
per  hour  at  their  works,  and  he  gives  the  production  as  not  far 
from  500  pounds  daily.  Possibly  even  this  is  not  the  best  attain- 
able result.  Suppose  that  we  should  employ  four  crucibles  in 
series  in  the  circuit,  as  illustrated  in  my  patent  No.  315,266  issu- 
ed April  7,  1885,  each  crucible  having  an  internal  resistance  of 
.005  ohms.  Suppose  further  that  the  dynamo  and  its  leading 
wires  should  offer  a  resistance  of  .002  ohms,  then  the  total  re- 
sistance of  the  circuit  would  amount  to. 022  ohms.  Now  instead 
of  employing  a  current  of  3,500  amperes  suppose  that  the  current 
should  be  reduced  to  1,000  amperes,  then  our  hourly  production 
of  aluminium  from  the  four  crucibles  would  amount  to  4.56  lbs. 
or  109.4  lbs.  in  a  day  of  24  hours.  In  order  to  maintain  a  cur- 
rent of  1,000  amperes  in  this  circuit  of  .022  ohms  resistance 
against  a  counter-electromotive-force  of  11.28  volts,  it  would  be 
needful  that  the  dynamo  should  be  able  to  produce  a  pressure  of 
33.28  volts. 

JS  ext,  suppose  that  we  put  ten  crucibles  instead  of  four  into 
the  circuit,  with  a  dynamo  that  has  an  internal  resistance  of  .001 
ohms,  this  includes  the  resistance  of  the  conductors  which  lead 
from  the  dynamo  to  the  crucibles;  suppose  furthei:  that  each 
crucible  with  its  leading  wires  should  offer  a  resistance  of  .001 
ohms,  then  our  total  resistance  in  circuit  will  be  .011  ohms ;  sup- 
pose also  that  our  current  remains  as  before  1,000  amperes,  then 
our  hourly  production  from  the  ten  crucibles  will  amount  to  11.4 
lbs ,  or  to  273.6  lbs.,  in  a  day  of  24  hours.  To  maintain  this 
current  of  1,000  amperes  in  this  circuit  of  .011  ohms,  will  require 
that  the  dynamo  shall  maintain  a  pressure  of  39.2  volts,  and  the 
power  required  to  turn  the  machine  will  be  58.8  horse  power 
and  the  hourly  production  of  one  pound  will  require  the  exer- 
tion of  only  5.15  horse  power,  instead  of  46  as  m  Mr.  Brown's 
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case,  or  22  in  Mr.  Hunt's  case.  Even  this  economy  can  be 
surpassed  if  we  attentively  study  the  following  equation:  Let 
p  _  .0015  be  the  horse  power  corresponding  to  one  volt-ampere, 
allowing  for  an  efficiency  of  90  per  cent,  in  the  dynamo ;  let 
q  =  .00114  be  the  quantity  of  aluminium  liberated  in  a  crucible 
in  one  hour  by  a  current  of  one  ampere ;  let  N  denote  the  num- 
ber of  crucibles  arranged  in  series  in  the  circuit ;  let  C  denote 
the  strength  of  the  current  in  amperes ;  let  V  denote  the  pres- 
sure in  volts  exerted  by  the  dynamo ;  let  e  denote  the  counter 
electromotive  force  encountered  in  each  crucible,  I  compute  its 
value  to  be  ^  =  2.52,  with  a  possibility  that  it  may  be  less  at  the 
actual  temperature  of  reduction.  Let  T  denote  the  time  that 
the  current  is  active  in  the  production  of  W  lbs.  of  aluminium. 
Then  W  ^  q  If  C  T^  also  the  power  P  exerted  by  the  engine 
will  be  denoted  thus :  P  =^  p  V  C  and  the  latter  divided  by  the 
former  will  be  thus  expressed  P—  W^=^pVC-^q]!fCT\ 
now  cancelling  C  from  both  numerator  and  denominator  we  get 
P  -J-  W  —p  F  ~  J  xY  r,  and  if  T  be  unity,  and  if  for^  -r-  q 
we  substitute  their  value  .0015  -t-  .00114  =  1.3L"»  we  get 
P  -T-  Tr=  1.315  X  F~  iT.  Now  substitute  for  Fits  value  in 
terms  of  0  B  R  iV^and  e  and  we  get  P  -^-  F  =  1.315  X  {C  B- 
-\-  C  N  R  \'  Ne)  =  1.315  X  {C  B  ^  N+  CR  +  ^),  which 
shows  that  the  power  per  pound  required  diminishes  as  C,  jB,  P, 
diminish,  and  as  iV^  increases,  e  remaining  constant  all  the  while 

S  05 
being  fixed  by  the  laws  of  chemical  action.      If  we  allow  -  '^ 

as  the  cost  of  one  horse  power  according  to  Mr.  Hunt's  estimate 
given  at  Boston,  and  if  we  allow  $.06  to  be  the  cost  of  the  ore 
required  to  produce  one  lb.  of  aluminium,  allow  also  $.01  for 
the  cost  of  the  chemicals  used  in  purifying  it  and  preparing 
it  for  the  crucibles  ;  allow  $.02  for  the  cost  of  the  carbon  anodes 
consumed  per  lb.  of  aluminium  produced  ;  allow  also  $.06  for 
labor,  superintendence,  depreciation,  interest,  etc.,  substituting 
our  estimate  of  possibly  5  hoise  power  per  lb.  of  aluminium  per 
hour,  we  get  its  total  possible  future  cost  per  lb.  down  to  less 
than  $.17  per  lb.,  or  to  less  than  $340  per  ton,  and  if  it  be  sold 
at  $.25  per  lb.  or  $5oO  per  ton,  an  establishment  which  could 
turn  out  only  ten  tons  daily  would  be  in  the  receipt  of  a  daily 
profit  of  $1,600  or  a  yearly  income  exceeding  $48o,000,  whieli 
would  surely  pay  good  interest  on  quite  a  large  capital;  what 
then  would  be  its  profits  were  it  to  charge  $  1 .50  per  lb.  as  the  Pitts- 
burgh Reduction  Co.  charges  at  the  present  date  of  writing?  But 
I  must  leave  this  interesting  discusdon  for  abler  hands  than  npBe. 
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Discussion.^ 

Prof.  Francis  B.  Crocker  : — Mr.  President  and  gentlemen  of 
the  Institute :  There  are  two  points  in  connection  with  alumin- 
ium which  I  wish  to  consider  particularly. 

The  first  relates  to  the  properties  and  the  second  to  the  pro- 
duction of  aluminium.  I  think  that  Mr.  Brown  spoke  very  truly 
in  regard  to  the  exaggerated  ideas  of  the  advantages  of  alumin- 
ium, out  I  do' not  think  he  went  quite  far  enough.  The  popular 
idea  of  aluminium  is  that  all  the  good  properties  of  all  its  alloys 
are  attributed  to  aluminium  itself.  It  is  like  one  individual 
having  all  the  good  qualities  of  all  his  relatives  attributed  to  him 
personally.  This  is,  of  course,  an  absurd  fallacy.  Nevertheless, 
it  is  one  that  is  made  in  every  newspaper  article  on  the  subject, 
and  I  am  sorry  to  say  it  is  frequently  made  in  technical  journals. 
The  most  common  mistake  of  the  kind  is  to  attribute  to  alumin- 
ium itself  the  tensile  strength  of  aluminium-bronze,  which 
exceeds  that  of  wrought-iron,  and  is  about  as  high  as  good  speci- 
mens of  steel.  It  is  really  one  of  the  most  tenacious  metals 
known,  but  its  composition  is  about  nine  parts  of  copper  to  one 
part  of  aluminium ;  yet  its  tensile  strength  is  almost  invariably 
attributed  to  pure  aluminium,  having  a  specific  gravity  of  2.6, 
which  is  only  one-third  that  of  iron.  They  take  tne  low  specific 
gravity  of  pure  aluminium  and  the  high  tensile  strength  of  alum- 
inium4)ronze.  As  a  matter  of  fact,  the  specific  gravity  of 
aluminium-bronze  is  higher  than  that  of  iron.  Therefore  we  do 
not  have  lightness  combined  with  high  tensile  strength.  Turn- 
ing again  to  aluminium  itself,  its  tensile  strength  is  about  26,0(»0 
pounds  per  square  inch ;  in  other  words,  about  one-third  that 
of  iron.  This  just  balances  the  difference  in  specific  gravity,  but 
still  leaves  the  advantage  in  favor  of  iron,  because  one-third  of 
the  volume  has  the  same  strength  and  the  same  weight  as  a  rod 
of  aluminium.  Now  the  same  exaggeration  is  applied  to  its 
other  qualifications ;  for  example,  its  cnemical  properties.  Alum- 
inium-bronze is  remarkably  free  from  tarnishing.  A  bright 
surface  of  aluminium-bronze  may  be  exposed  to  the  atmosphere 
for  several  months  and  retain  its  polish.  That  prm^erty  is  at- 
tributed to  aluminium  itself.  Aluminium,  as  Mr.  Brown  said, 
is  not  particularly  liable  to  corrosion,  but  if  it  is  subjected  to 
salt  water  or  alkaline  water,  or  even  ordinary  moist  air,  it  does 
tarnish  and  oxidize  rapidly.  Salt  water  is  quite  hurtful  to  it. 
Therefore,  freedom  from  oxidation  is  another  property  that  is 
wrongly  attributed  to  it ;  and  the  objection  to  all  this  is  that  it 
gives  a  very  wrong  impression  in  regard  to  what  would  other- 
wise be  a  good  and  legitimate  object  of  admiration.  I  am  not 
pre judicea  against  the  metal  aluminium,  and  would  be  very  glad 
to  see  it  usea  extensively,  but  I  do  not  think  its  extensive  use 
will  be  hastened — in  fact  I  feel  quite  sure  it  will  be  retarded — 

1  By  Messrs.  Crocker.  BirdsaU,  F.  L.  Pope,  Stetson, 
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by  absurd  exaggerations  of  its  good  qualities,  because  when  people 
do  come  to  use  it  they  will  be  greatly  disappointed.  This  com- 
mon idea,  for  example,  that  it  has  1 0U,000  pounds  tensile  strength 
per  square  inch,  and  about  one-third  the  specific  gravity  of  iron, 
would  lead  any  one  to  serious  difficulties.  Taking  the  general 
public,  ninety-nine  persons  out  of  every  hundred  have  entirely 
wrong  ideas  respecting  it.  There  are  certain  things  that  seem  to 
have  a  glamour  about  them — a  word  which  Mr.  Brown  uses  and 
which  expresses  the  fact  perfectlv.  Storage  batteries  and  alu- 
minium seem  to  be  particularly  favored  by  the  public,  and  it  has 
occurred  to  me  that  a  combination  of  aluminium  and  storage 
battery — that  is  an  aluminium  storage  battery — would  be  simply 
irresistible.  [Laughter.]  This  sensationalism  is  really,  I  think, 
a  bad  thing  for  a  new  enterprise,  because  it  is  only  destined  to 
severe  disappointment,  but  aluminium  really  has  excellent  quali- 
ties and  can  live  down  this  gross  exaggeration  of  its  good 
qualities. 

Now,  taking  seriatim  the  actual  properties  of  the  metal,  and 
considering  them  as  mechanical,  chemical  and  electrical,  we  have 
under  the  mechanical  head  a  specific  gravity  of  about  2.6,  which 
is  almost  exactly  one-third  of  iron,  and  its  tensile  strength  is 
27,800  pounds,  according  to  Mr.  Brown,  which  is  again  almost 
exactly  one  third  of  ordinary  wrought-iron.  Therefore,  iron  and 
aluminium  have  equal  strength,  weight  for  weight,  but  iron  has, 
as  1  have  said,  the  great  advantage  of  one-third  of  the  bulk  for 
the  same  strength  and  weight.  Furthermore,  any  metal  which 
"can  be  easily  cut  with  a  knife"  is  not  particularly  good  for 
structural  purposes  as  a  metal.  In  my  opinion  it  is  too  soft 
altogether.  It  is  very  much  such  a  metal  as  zinc  or  tin.  In  fact 
one  can  hardly  tell  the  difference  except  by  the  weight,  in  filing 
or  cutting  it ;  and  certainlv  tin  and  zinc  are  seldom  used  for 
structural  purposes,  and  I  do  not  think  they  would  be,  even  if 
they  were  very  much  lighter  than  they  are. 

Taking  up  the  chemical  properties — I  have  alreadv  alluded  to 
the  ease  of  oxidizing,  which,  as  I  say,  is  not  excessive,  but  still 
about  equal  to  other  metals,  such  as  tin,  zinc  and  iron.  It  is 
easily,  in  fact,  eagerly  attacked  by  acids.  It  is  not  much  affected 
by  sulphur  or  sulphuretted  hydrogen,  which  is  a  great  advantage. 
It  is  very  freely  dissolved  by  alkalies,  whereas  most  other  com- 
mon metals  are  not.  In  an  ordinary  alkaline  solution,  aluminium 
is  dissolved,  as  most  metals  are,  in  acids,  with  the  evolution  of 
hydrogen.  This  is  quite  a  serious  disadvantage  for  a  common 
metal,  which  is  liable,  for  example,  to  have  soap  used  upon  it. 
We  do  not  expect  metals  to  be  attacked  by  alkalies. 

As  to  the  electrical  properties,  of  course  conductivity  is  about 
the  only  one.  The  electrical  conductivity  is  about  twice  that  of 
copper  of  equal  weight,  and  is  about  half  that  of  copper  for 
equal  volume.  Where  it  is  important  to  have  a  light  wire,  and 
the  size  is  not  to  be  considered,  you  can  use  an  aluminium  wire. 
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because  you  get  an  advantage  of  2  to  1  in  weight.  But  when 
you  consider  size;  for  instance,  a  wire  which  has  to  be  covered 
with  insulating  material  that  is  expensive,  then  you  would  have 
a  disadvantage.  The  figures  happen  to  be  very  simple  in  all 
these  cases. 

In  regard  to  the  manufacture  of  the  metal,  that,  I  think,  is  an 
electrical  monopoly,  for  the  simple  reason  that  I  do  not  think 
anything  else  can  successfully  compete  with  electricity  in  the 
production  of  a  metal  the  chemical  affinities  of  which  are  as  high 
as  those  of  aluminium.  Aluminium  has  great  chemical  affinities, 
ranking  about  half  way  between  the  ordinary  metals  and  metals 
like  sodium  and  potassium.  These  chemical  affinities  exhibit 
themselves  when  it  is  attempted  to  separate  aluminium  from 
chlorine  or  oxygen,  for  example.  The  ordinarj  smelting  pro- 
cess does  not  seem  to  have  ever  been  successful  m  the  reduction 
of  aluminium.  So  far  as  I  know,  aluminium  has  never  been  suc- 
cessfully reduced  as  iron  or  other  ordinary  metals  are  reduced  by 
merely  smelting  in  a  furnace  with  coal.  The  nearest  approacn 
to  this  is  smelting  in  presence  of  carbon,  but  with  a  very  high 
temperature  obtained  by  the  electric  current,  higher  than  can 
be  obtained  by  smelting.  Therefore,  even  if  we  employ  the 
process  of  smelting  we  still  have  to  employ  electricity.  In  any 
electrolytic  reduction  of  the  metal,  of  course,  we  have  to  employ 
electricity.  Such  a  process  seems  to  be  a  very  simple  and  effec- 
tive method,  i.  e.^  tne  plain  electrolysis  of  some  compound  of 
aluminium,  the  electrolyte  being  in  a  fused  state  between  two 
electrodes.  Now  the  fused  state  is  necessary  instead  of  the 
ordinary  aqueous  solution,  because  if  you  attempt  to  separate 
aluminium  in  an  aqueous  solution  you  will  get  hyarogen  instead 
of  aluminium.  In  other  words,  water  is  more  easily  decompos- 
able than  the  aluminium  compound. 

Thus  we  have  the  electrolytic  process  as  a  very  successful 
process,  and  the  fused  state  as  apparently  necessary,  and  not 
really  objectionable,  because  the  temperature  of  the  bath  may  be 
kept  up  by  the  electrolytic  current  itself. 

Then  we  have,  as  the  only  other  likely  substitute  for  these 
two  electrical  processes,  the  ordinary  chemical  method  of  reduc- 
ing, by  means  of  metallic  sodium,  some  compound  such 
as  the  chloride  or  double  chloride  of  aluminium  and 
sodium.  But  even  then  I  think  we  had  better  make  our 
sodium  by  electricity;  so  it  would  still  be  an  electrical 
process.  So  far  as  I  can  see,  and  experience  in  the  past  few 
years  seems  to  corroborate  this  view,  electricity  is  tlie  only  com- 
mercial means  of  producing  aluminium  at  the  present  price.  In 
the  old  days,  when  the  chemical  process  was  used,  aluminium  was 
$12  or  $15  a  pound.  Now  it  is  about  $1,  and  I  doubt  if  any 
chemical  process  could  compete  on  this  basis.  Therefore,  the 
reduction  of  aluminium  seeems  to  belong  to  electrical  science, 
and  it  is  certainly  a  very  interesting  and  important  application  of 
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electricity,  and  is,  I  think,  destined  to  be  perfectly  Buccessfal. 
The  purity  of  the  metal  does  a  great  deal,  as  Mr.  Brown  sayB, 
towards  improving  its  quality,  it  does  make  a  very  much  better 
metal  of  it.  The  impure  aluminium  is  really  a  poor  metal  in 
almost  every  respect  except  mere  lightness.  But  empty  space  is 
much  lighter  than  aluminmm.  So  there  is  no  particular  object 
in  paving  a  dollar  a  pound  to  fill  up  space  with  something  that  is 
merely  light,  if  it  has  no  other  desirable  qualities. 

Dr.  Samuel  Sheldon  : — I  was  very  much  surprised  two  weeks 
ago  in  taking  up  a  piece  of  aluminium  that  came  from  the  Pitts- 
burgh Reduction  Company,  to  notice  its  sonorous  qualities.  I 
suspended  a  piece,  which  was  about  six  inches  long  and  an  inch 
and  a-half  wide,  and  perhaps  three-eighths  of  an  inch  thick,  at 
two  nodal  points  by  means  of  a  string,  and  then  hit  it  with  a  lead 
rod.  Its  tenacity,  the  way  it  held  on  to  the  vibrations,  and  the 
sweetness  of  the  tone  were  remarkable,  and  I  thought  aluminium 
might  perhaps  have  application  in  the  manufacture  of  chimes  or 
befls  wliere  lightness  would  come  in.  It  seemed  to  have  sonorous 
qualities  very  similar  to  those  of  bell  metal.  I  do  not  know 
whether  anything  has  been  done  in  this  direction  or  not. 

Mr.  F.  L.  Pope  : — I  have  always  felt  a  good  deal  of  interest 
in  aluminium  as  a  metal,  ever  since  the  time,  many  years  ago, 
when  the  now  venerable  Moses  G.  Farmer  said  to  me :  "  There 
is  seven  dollars  worth  of  aluminium  in  every  brick,  if  we  could 
only  get  it  out,  but,"  he  continued,  reflectively,  "I  suppose  if  we 
should  finally  get  it  out  it  would  no  longer  be  worth  seven 
dollars."  So  it  was  not  without  gratification  that  a  little  over 
two  years  ago  I  accepted  a  commission  in  behalf  of  the  parties 
who  subsequently  established  the  plant  at  Boonton  of  which  Mr. 
Brown  has  told  us  this  evening,  to  visit  the  works  where  the 
Heroult  process  was  then  being  carried  on,  at  tlie  Falls  of  the 
Rhine  in  Switzerland,  and  make  a  careful  investigation  of  it.  I 
had  thought  to  report  here  to-night  some  of  the  results  of  my 
observations  at  that  time,  but  Mr.  Brown  has  treated  the  subject 
so  exhaustively  from  every  point  of  view,  that  he  has  left  me 
nothing  to  say  other  than  to  corroborate  his  own  statement*.  I 
paid  careful  attention  to  the  cost  of  production  and  examined  the 
Items  in  great  detail  at  the  time,  and  I  think  I  can  corroborate 
the  statement  of  Mr.  Brown,  that  aluminium  can  now  be  produced 
in  large  quantities  bv  electrical  processes  at  a  price  very  nearly 
as  low  as  the  equivalent  bulk  of  copper.  One  thing  that  struck 
me  very  forcibly  was  the  small  amount  of  manual  labor  required 
in  the  works,  in  proportion  to  the  value  of  the  product.  They 
were  turning  out  at  the  Rhine  Falls  a  good  many  hundred  pounds 
a  day  of  aluminium-bronze,  and  employed  only  six  men,  five  of 
whom  were  ordinary  day-laborers.  I  was  also  particularly  im- 
pressed with  the  admirable  performance  of  the  dynamos  used  in 
Switzerland,  which  are  precisely  the  same  as  the  one  at  Boonton 
which  Mr.  Brown  described.     There  were  two  of  them  coupled 
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together  and  to  a  vertical  turbine  and  rated  at  150  horse-power 
each— a  very  moderate  rating  I  should  say.  I  saw  the  ammeter, 
on  one  occasion  when  I  was  watching  it,  indicate  27,000  am- 
peres. The  current  heated  the  loop  of  the  conductor  which 
surrounded  the  ammeter,  which  was  a  copper  bar  three  and  a-half 
inches  square,  very  hot  indeed,  yet  very  little  sparking  was  per- 
ceptible at  the  brushes  of  the  dynamo.  The  machine  gave  a  sort 
of  a  grunt  when  this  great  load  was  thrown  on,  but  that  was  about 
all  the  effect  that  was  observable.  In  preparing  a  report  of  my 
observations  in  Switzerland,  I  was  considerably  surprised  at  the 
limited  number  of  industrial  uses  that  I  could  think  of,  or  could 
discover,  for  pure  aluminium,  and  this  circumstance  led  me  to 
much  the  same  conclusion  that  Professor  Crocker  has  expressed 
here  to-night,  namely :  that  the  commercial  utility  of  pure  alu- 
minium as  a  metal  has  been  very  greatly  exacrgerated.  His  re- 
marks, however,  bring  to  mind  one  of  Mr.  Edison's  character- 
istic observations,  to  the  effect  "  that  there  is  nothing  quite  equal 
to  the  storage  battery  for  developing  one's  latent  capacity  for 
lying."  I  think  in  tliat  respect  the  metal  aluminium  has  been 
a  close  second  to  the  storage  battery. 

Mb.  E.  T.  Birdsall:— There  is  one  point  that  I  hoped  Mr. 
Brown  or  Mr.  Crocker  would  touch  on,  and  that  is  the  new  name 
for  the  metal.  Instead  of  calling  it  aluminum  or  aluminium  we 
have  heard  a  good  deal  of  newspaper  talk  lately  about  calling  it 
alium.  Maybe  Mr  Crocker  or  Mr.  Brown  can  enlighten  us 
about  that. 

Mr.  Brown  : — As  far  as  the  name  aluminium  is  concerned,  I 
suppose  it  is  a  very  much  discussed  question,  but,  if  I  am  not 
mistaken,  the  dictionary  gives  it  as  aluminium  or  aluminum — 
both  being  correct.  But  m  regard  to  the  pronunciation,  of  course 
there  are  a  good  many  who  pronounce  it  one  way  and  a  good 
many  the  other.  I  think,  however,  that  persons  who  are  work- 
ing directly  with  the  metal  would  have  the  tendency  to  pro- 
nounce it  aluminium,  for  this  reason — the  oxide  from  which  the 
aluminium  is  extracted  is  alumina;  now,  the  generality  of  work- 
men are  not  particular  about  how  they  pronounce  words,  and 
when  you  speak  of  alumina  and  aluminum  (instead  of  aluminium) 
there  is  a  tendency  to  get  the  two  confused.  Whereas,  if  you 
call  the  finished  metal  aluminium  that  does  away  with  all  possible 
chance  of  confusing  it  with  alumina. 

A  Visitor  : — I  would  like  to  say  a  word  or  two  about  a  diffi- 
culty which  has  been  found  in  the  working  of  aluminium, 
namely  that  of  joining  pieces  for  small  structures,  as  is 
usually  done  in  the  case  of  other  metals  by  means  of 
solder.  I  noticed  in  the  book  which  Professor  Rogers 
has  written  on  this  subject,  that  he  says  that  the  difficulty 
of  joining  pieces  in  this  way  has  been  recognized  almost  ever 
since  the  metal  has  been  known,  and  also  that  in  such  processes 
as  have  been  used  for  soldering  different  combiija^ioj^s  ^JSy^Jlj^ 
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different  compositions  of  solder  have  usually  been  employed. 
Now,  yerv  lately,  there  has  been  brought  to  my  attention  a 
method  or  soldering  aluminium  which,  I  think,  may  have  a  tend- 
ency to  extend  its  usefulness  in  the  arts,  and  that  is  a  solderiiiff 
process  which  appears  to  be  perfectly  successful.  Unlike  all 
processes  that  I  know  of,  except  one  that  is  described  in  the 
patent  of  Mr.  Selden,  it  resides  in  the  flux  which  can  be  used 
with  almost  any  solder.  While,  at  the  present  time,  by  reason 
of  the  fact  that  some  patents  are  pending,  I  cannot  tell  you  what 
the  process  is ;  nevertlieless,  I  have  some  samples  of  pieces  of 
aluminium  which  have  been  soldered  together,  which  I  shall  be 
very  s;lad  to  place  before  you  and  give  you  an  opportunity  of 
examining  them.  It  seems  to  me  that  this  is  a  periectly  feasible 
method,  because  I  have  soldered  pieces  of  aluminium  together 
with  an  ordinary  gas  forge  and  with  solder  of  various  Kinds, 
the  only  prerequisite  being  a  heat  suflScient  to  melt  the  solder, 
and  this  flux,  which  is  spread  along  on  the  joined  edges  of  the 
metal,  and  the  solder  then  introduced.  This  flux  was  discovered 
by  two  men  who  had  no  previous  knowledge  of  aluminium 
whatever.  They  were  ordinary  workmen,  and  fell  on  it  almost 
entirely  by  acciaent.  Their  attention  was  called  to  it  by  the  fact 
that  the  mill  in  which  they  were  employed  took  a  contract  to 
make  a  quantity  of  aluminium  buttons.  The  people  supposed 
they  could  cut  that  aluminium  into  sheets  and  solder  on  shanks 
with  eyes  on  them,  to  the  back;  so  they  took  this  contract.  They 
attempted  to  solder  the  eyes  to  the  backs  and  found  the  solder 
would  not  stick.  That  set  them  thinking  about  it,  and  they 
began  to  try  various  experiments,  and  thev  Anally  hit  upon  this 
substance,  whicli  is  a  compound  salt,  whicli  served  perfectly,  and 
it  seems  to  work  with  any  sort  of  solder,  and  the  result  is  really 
very  satisfactory. 

Mr.  Brown: — Professor  Crocker  spoke  of  storage  batteries  as 
being  about  on  a  par  with  aluminium,  and  he  also  said  that  if  a 
storage  battery  made  out  of  aluminium  was  in  existence  the 
stock  of  the  concern  selling  it  would  go  pretty  high.  1  received 
a  letter  the  other  day  from  a  gentleman  in  this  city  who  has  been 
working  on  storage  batteries.  In  conversation  with  him  some 
three  months  ago,  he  had  expressed  to  ine  the  opinion  that  stor- 
age batteries  could  be  made  of  aluminium.  In  the  letter  alluded 
to  he  intimated  that  he  had  succeeded  and  that  the  cells  were  on 
exhibition  in  a  certain  place.  I  haven't  had  a  chance  to  see  them 
yet,  but  hope  to  very  soon. 

In  regard  to  the  sonorous  properties  of  the  metal,  it  certainly 
has  a  very  fine  tone  in  tlie  shape  of  bars,  but  not  when  made  up 
in  the  shape  of  bells.  If  the  metal  is  in  the  shape  of  a  bloom 
ready  for  rolling,  or  something  like  that,  and  if  it  be  suspended 
by  a  wire,  it  has  a  very  beautiful  tone  indeed. 

Mr.  Townsend  Wolcott: — As  I  understand  the  subject,  it  is 
the  rolled  aluminium  which  has  the  good  sonorous  qualities;  is  it 
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Mr.  Brown  : — Caflt  aluminium  has  the  same — and,  if  anything, 
better  than  when  rolled. 

Mr. WoLooTT : — I  was  going  to  suggest  that  if  it  was  spun  up 
instead  of  being  cast  it  would  have  a  better  tone. 

Mr.  Brown:— I  think  not;  although  when  made  into  the 
shape  of  gongs  it  has  a  fairly  good  tone. 

Mr.  Albert  Stetson  : — I  want  to  call  attention  to  one  fact 
which  Mr.  Brown  did  not  mention  in  his  paper.  We  all  of  us 
heard  of  for  many  years  and  probably  wondered  why  alumin- 
ium had  not  come  more  into  general  use.  The  trouble  with 
aluminium  is  not  in  the  making  of  it,  but  in  the  handling  of  the 
metal  after  it  is  made.  There  are  only  very  few  people  in  all 
the  world  who  know  how  to  handle  the  pure  metal  and  cast  it, 
and  even  those  people,  with  all  their  experience,  very  often  get 
poor  castings,  and  so  their  work  becomes  very  expensive.  Good 
work  can  be  done  by  teaching  the  manufacturers  of  the  country 
what  to  do  with  the  material  after  they  get  it. 

The  Secretary  read  the  following  obituary  of  Mr.  Thomas  P. 
Conant : 
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OBITUAKY. 

Thomas  P.  CoNANT  was  born  July  llth,  1860,  at  Paris,  France. 
He  was  carefully  educated,  and  graduated  at  Columbia  College 
School  of  Mines,  as  a  mining  engineer  in  1882.  He  then  became 
Mr.  Edison's  Secretary,  and  subsequently  served  in  the  Con- 
struction Department  of  the  Edison  Company,  where  he  con- 
tinued two  years.  He  gained  further  electrical  experience  with 
the  United  States  Illuminating  Company  and  the  Bradley  Elec- 
tric Power  Company.  After  an  engagement  of  one  and  a-half 
years  with  the  Electrical  Accumulator  Company,  he  re-entered 
the  Edison  service  in  August,  1889,  and  was  appointed  Engineer 
of  the  Eastern  District  of  the  Edison  General  Electric  Company, 
a  position  which  he  occupied  at  the  time  of  his  death,  which 
occurred  on  February  24th,  1891,  at  the  home  of  his  grandfather, 
the  Rev.  Dr.  T.  J.  Conant,  in  Brooklyn.  Mr.  Conant  was 
elected  an  Associate  Member  of  the  American  Institute  of  Elec- 
trical Engineers,  November  1st,  1887,  and  was  transferred  to  full 
membership  January  3rd,  1888.  He  was  also  a  member  of  the 
American  Society  of  Mechanical  Engineers,  the  Electric  Club, 
the  Manhattan  Athletic  Club,  and  other  associations.  In  his 
leisure  moments  he  devoted  much  time  to  literature,  and  several 
poems  from  his  pen  have  appeared  in  Harper's  Magazine  and 
other  periodicals.  He  made  several  improvements  in  secondary 
batteries  and  their  application,  patents  for  which  were  assigned 
to  the  Electrical  Accumulator  Company. 


Mr.  H.  a.  Foster  : — I  offer  the  following  resolution : 

Re8olved^T\\B,i  the  President  be  and  is  hereby  authorized  to 
appoint  a  local  committee  of  five- to  co-operate  with  the  Secretary 
in  making  arrangements  for  the  general  meeting  in  May. 

[The  resolution  was  adopted,  and  the  Chair  appointed  as  the 
Committee,  Mr.  H.  A.  Foster,  Mr.  Thorburn  Reid,  Mr.  Harold 
Binney,  Mr.  Edward  B.  Ives  and  Mr.  Edward  Caldwell.] 

Mr.  N.  D.  C.  Hodges  then  read  the  following  paper  on  "  Some 
Possible  Modifications  in  the  Methods  of  Protecting  Buildings 
from  Lightning." 
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SOME  POSSIBLE  MODIFICATIONS  IN  THE  METHODS 

OF  PROTECTING  BUILDINGS  FROM 

LIGHTNING. 


BT  N.  D.  C.  HODGES. 

I  remember  with  what  hesitation  I  ventured  some  months  ago 
to  explain  to  your  fellow-member,  Mr.  T.  C.  Martin,  my  ideas 
on  some  possible  modifications  in  the  method  of  protecting  build- 
ings from  lightning.  But  as  he  was  kind  enough  to  express  the 
belief  that  there  was  something  in  what  I  had  to  say,  I  have 
ventured  to  come  here  this  evening  to  explain  my  ideas  to  what 
must  be  an  extremely  critical  audience. 

To  begin  with,  I  have  always  belonged  with  those  who  have 
been  sceptical  as  to  the  utility  of  lightning-rods  as  ordinarily 
placed  on  our  houses.  I  was  never  able  to  understand,  and  can- 
not now,  why,  if  a  lightning-rod  as  ordinarily  introduced  was 
useful,  the  lightning  should  scent  out  a  bad  earth  connection  at 
so  considerable  a  distance.  I  mean  that  I  could  understand  the 
ordinary  theory  of  the  rod  if  invariably  the  electrical  discharge 
followed  the  rod  as  far  as  its  conductivity  was  good,  only  to 
leave  it  when  the  bad  earth  connection  was  reached. 

I  am  aware  that  the  advocates  of  the  old  form  of  rod,  point  to 
the  apparent  beneficial  effects  of  the  Harris  system  as  introduced 
on  ships.  This  may  be  due  to  the  possibility  of  making  an 
especially  good  earth  connection,  or  it  may  be  due  to  there  having 
been  introduced  on  ships  about  the  time  that  rods  were  intro- 
duced some  other  modification  which  has  had  a  beneficial 
effect.  I  have  some  suspicions  on  this  point,  and  find  it  recorded  in 
the  London  Electrical  Review  that  lightning  does  not  play  as 
destructive  a  part  as  it  did  forty  or  fifty  years  affo,  and  that  even 
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those  ships  unprovided  with  conductors  have  suffered  less  damage 
than  a  smaller  number  of  ships  experienced  formerly.  Not  that 
modern  vessels  are  exempt,  but  they  seem  to  be  struck  in  a 
manner  which  causes  fewer  fatal  accidents,  and  in  some  cases 
even  the  effects  of  a  lightning-flash  have  borne  so  little  trace  of 
their  origin  that  they  have  been  credited  to  the  wilful  act  of 
some  one  on  board. 

Ordinarily  a  lightning-rod  is  regarded  as  a  conduit  or  pipe  for 
conveying  electricity  from  a  cloud  to  the  ground.  The  idea  is 
that  a  certain  quantity  of  electricity  has  to  get  to  the  ground 
somehow  ;  that  if  an  easy  channel  is  opened  for  it,  the  electrici- 
ty will  pass  quietly  and  safely ;  but  that  if  obstruction  is  intro- 
duced, violence  and  damage  will  result.  This  being  the  notion 
of  what  is  required,  a  stout  copper  rod,  a  wide-branching  and 
deep-reaching  system  of  roots  to  disperse  the  charge  as  fast  as 
the  rod  brings  it  down,  and  a  supplement  of  sharp  points  at  a 
good  elevation  to  tempt  the  discharge  into  this  attractive  thor- 
oughfare, are  naturally  guaranties  of  complete  security. 

I  think  Oliver  J.  Lodge  has  expressed  well  the  difficulty  that 
has  always  been  present  in  my  mind  when  I  have  read  detailed 
descriptions  of  the  effects  of  lightning.  He  says,  in  a  paper  pub- 
lished in  the  Electrical  Eivgineer  some  time  last  June,  that 
when,  in  spite  of  all  precautions,  accidents  still  occurred ;  when 
it  was  found  that  from  the  best-constructed  conductors  flashes 
were  apt  to  spit  off  in  a  senseless  maimer  to  gun-barrels  and  bell- 
ropes,  and  wire  fences  and  water-butts, — it  was  the  custom  to  more 
or  less  ridicule  and  condemn  either  the  proprietor  or  its  erector, 
or  both,  and  to  hint  that  if  only  something  different  had  been 
done, — say,  for  instance,  if  glass  insulators  had  not  been  used,  or 
if  the  rod  had  not  been  stapled  too  tightly  into  the  wall,  or  if  the 
rope  had  not  been  made  of  stranded  wires,  or  if  copper  had  been 
used  instead  of  iron,  or  if  the  finials  had  been  more  sharply 
pointed,  or  if  the  earth  plate  had  been  more  deeply  buried,  or  if 
the  rainfall  had  not  been  so  small,  or  if  the  testing  of  the  con- 
ductor for  resistance  had  been  more  recent,  or  if  the  wall  to 
which  the  rod  was  fixed  had  been  kept  wet, — then  the  damage 
would  not  have  happened.  Every  one  of  these  excuses  has  been 
appealed  to  as  an  explanation  of  a  failure ;  but  because  the  easi- 
est thing  to  abuse  has  always  been  the  buried  earth  connection, 
that  has  come  in  for  the  most  frequent  blame,  and  has  been  held 
responsible  for  every  accident  not  otherwise  exj:t]i^J^^^.,^QQQle 
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I  have  to  say,  therefore,  that  up  to  about  two  years  ago  I  was 
simply  in  the  dark  as  to  what  was  the  matter  with  lightning-rods. 
I  could  not  accept  the  reasoning  set  forth  in  the  report  of  the 
Lightning-Rod  Conference  or  in  any  of  our  books.  It  did  not 
seem  to  me  that  the  arguments  in  support  of  the  ordinary  light- 
ning-rod were  logical.  It  seemed  to  me  that  there  was  something 
that  we  did  not  understand. 

About  two  years  ago  one  of  the  oil-tanks  at  Com  muni  paw  or 
Bayonne,  just  off  the  New  Jersey  Central  Railroad,  was  struck  by 
lightning ;  and,  as  I  pass  that  way  each  day,  my  attention  was 
again  called  to  the  question  how  we  should  protect  our  buildings 
from  lightning ;  and  one  evening,  taking  up  Silvanus  P  Thomp- 
son's little  book  on  electricity,  I  think  it  was,  to  see  what  he  had  to 
say  about  lightning,  I  re-read  the  ordinary  theory  of  the  formation 
of  the  high  potentials  that  are  manifested  in  lightning-dis- 
charges. 

This  theory  is  simply  this :  that  if,  in  the  cloud,  there  is  a 
certain  quantity  of  electricity  distributed  on  a  given  mass  of  fine 
mist,  it  will  exist  there  at  a  certain  potential,  depending  on  the 
capacity  of  this  finely  divided  matter.  Now,  if  these  mist-par- 
ticles coalesce  into  raindrops,  the  theory  points  out  that  there 
would  be  a  decrease  in  the  electrical  capacity,  and  a  consequent 
increase  in  the  potential  of  the  charge.  It  occurred  to  me 
immediately,  that,  if  this  theory  had  any  foundation  in  fact,  it 
ought  to  be  possible  to  reverse  the  operation  on  the  surface  of 
the  earth ;  that  is,  to  receive  the  lightning-discharge  on  some 
large  body,  which  would  then  be  broken  up  into  fine  particles  of 
vapor,  which  would  have  a  considerably  greater  electrical  capacity, 
and  that  the  potential  of  the  discharge  would  thereby  be  materi- 
ally reduced,  and  the  effects  of  the  lightning  mitigated.  This 
was  my  hypo'thesis  to  work  upon,  and  I  immediately  began  to 
look  through  the  records  to  see  what  actually  happened  in  the 
case  of  lightning  discharges,  and  to  see  if  there  was  any  support 
in  fact  for  my  hypothesis. 

The  first  book  at  hand  was  Sir  William  Thomson's  "  Papers  on 
Electricity  and  Magnetism,"  and  I  found  that  he  described  in 
detail  the  case  of  a  farmhouse  in  Scotland,  which  was  struck  by 
lightning,  and  in  which  this  very  dissipating  effect  took  place; 
that  is,  the  bell-wires  were  dissipated, — an  occurrence  which,  as 
you  know,  is  extremely  common  when  a  lightning-discharge 
takes  place.     I  went  on  through  the  records,  and  found  numbeif7> 
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less  cases  of  this,  the  oldest  being  that  of  the  dissipation  of  the 
metal  covering  on  the  wooden  shield  of  some  Greek  warrior.  I 
mention  this  case  as  of  interest,  as  it  brings  out  a  very  fortunate 
circuras*^ance,  that  when  thin  metal  is  dissipated  against  wood 
or  even  against  plaster,  no  harm  results  to  the  wood  or  plaster. 
Of  course,  you  know  that  it  has  been  somewhat  discussed  whether 
this  action  is  a  dissipation  through  the  heating  of  the  metal,  or 
whether  it  is  a  cold  dissipation — a  breaking-up  into  particles,  as 
it  were — of  the  metal.     On  this  point  I  have  nothing  to  say. 

But  as  I  went  on  through  the  records  I  could  not  make  the 
facts  accord  satisfactorily  with  my  hypothesis.  The  dissipating 
action  that  I  was  looking  for  certainly  took  place,  and  is  a  very 
common  accompaniment  of  lightning-discharges,  but  in  spite  of 
it,  there  was  damage  to  the  building.  It  was  only  after  a  con- 
siderable reading  of  the  records  that  it  gradually  dawned  on  me 
that  1  had  found  no  case  where  damage  to  the  building  occurred 
on  the  same  level  with  the  dissipated  conductor. 

Let  me  describe  here  in  Franklin's  own  words  a  typical  case 
of  the  action  of  a  small  conductor  dissipated  by  the  discharge. 

Franklin,  in  a  letter  to  Collinson  read  before  the  Royal 
Society,  December  18,  1755,  describing  the  partial  destruction  by 
lightning  of  a  church-tower  at  Newbury,  Mass.,  wrote :  "  Near 
the  bell  was  fixed  an  iron  hammer  to  strike  the  hours ;  and  from 
the  tail  of  the  hammer  a  wire  went  down  through  a  small  gimlet- 
hole  in  the  floor  that  the  bell  stood  upon,  and  through  a  second 
floor  in  like  manner;  then  horizontally  under  and  near  the 
plastered  ceiling  of  that  second  floor  till  it  came  near  a  plastered 
wall ;  then  down  by  the  side  of  that  wall  to  a  clock,  which  stood 
about  twenty  feet  below  the  bell.  The  wire  was  not  bigger  than 
a  common  knitting  needle.  The  spire  was  split  all  to  pieces  by 
the  lightning,  and  the  parts  flung  in  all  directions  over  the  square 
in  which  the  church  stood,  so  that  nothing  remained  above  the 
bell.  The  lightning  passed  between  the  hammer  and  the  clock 
in  the  above  mentioned  wire,  without  hurting  either  of  the  floors, 
or  having  any  effect  upon  them  (except  making  the  gimlet-holes, 
through  which  the  wire  passed,  a  little  bigger),  and  without 
hurting  the  plastered  wall,  or  any  part  of  the  building;,  so  far  as 
the  aforesaid  wire  and  the  pendulum-wire  of  the  clock  extended; 
which  latter  wire  was  about  the  thickness  of  a  goose-quill. 
From  the  end  of  the  pendulum,  down  quite  to  the  ground,  the 
building  was  exceedingly  rent  and  damaged.     *     *     *-^  *     ]5^ 
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part  of  the  aforementioned  long,  small  wire,  between  the  clock 
and  the  hammer,  could  be  found,  except  about  two  inches  that 
hung  to  the  tail  of  the  hammer,  and  about  as  much  that  was 
fastened  to  the  clock ;  the  rest  being  exploded,  and  its  particles 
dissipated  in  smoke  and  air,  as  gunpowder  is  by  common  fire,  and 
had  only  left  a  black,  smutty  track  on  the  plastering,  three  or  four 
inches  broad,  darkest  in  the  middle,  and  fainter  towards  the  edges, 
all  along-  the  ceiling,  under  which  it  passed,  and  down  the  wall." 

I  would  thus  formulate  what  seems  to  be  true, — that  a  con- 
ductor which  can  be  easily  dissipated  by  a  lightning-discharge 
protects  the  building  to  which  it  is  attached  between  two  hori- 
zontal planes,  the  one  passing  through  the  upper  end  of  the 
dissipated  conductor,  and  the  other  through  the  lower  end ;  and 
it  is  this  one  point  that  1  would  urge  upon  the  consideration  of 
the  Institute. 

I  have  taken  the  time  of  the  Institute  to  tell  how  I  reached 
thifl  conclusion ;  but,  as  must  always  be,  I  reached  it  by  making 
some  false  digressions.  So  far  as  I  know,  therefore,  a  conductor 
such  as  I  have  here — a  conductor  made  of  light  copper  ribbon, 
so  that  75  feet  of  it  will  weigh  only  a  pound,  and  made  in  sec- 
tions  two  feet  long,  which  shall  be  tacked  to  the  building  from 
its  ridge-pole  to  the  foundation,  the  joints  being  made  of  low 
•conductivity  by  the  insertion  of  insulating  washers — will  protect 
the  building.  The  conductor  will  be  destroyed  by  the  discharge. 
Its  destruction  can  take  place  even  against  a  plastered  wall 
without  injury  to  the  wall ;  but  no  other  harm  will  occur  so  far 
as  the  conductor  extends  in  a  vertical  direction.  There  is  no 
need  of  the  conductor  following  the  shortest  course  to  the  ground. 
There  is  no  need  of  providing  a  good  earth  connection.  I  can 
see  no  difference  between  the  two  ends  of  the  metallic  ribbon. 
You  do  not  attempt  to  make  a  good  connection  at  the  top  with 
the  dielectric,  and  I  do  not  see  why  you  should  attempt  to  make 
a  good  connection  at  the  bottom.  In  no  case  on  record  of  the 
protecting  influence  of  dissipatable  conductors  has  this  protecting 
influence  depended  upon  there  being  a  good  earth  connection. 
Of  course,  the  ribbon  should  not  be  boarded  over.  Free  gun- 
powder bums  harmlessly  enough,  but  it  causes  damage  when 
burned  in  a  confined  space ;  and  the  dissipation  of  a  conductor 
presents  similar  phenomena. 

It  would  not  do  to  run  such  a  conductor  as  I  suggest  here  part 
way  down  the  building,  and  then  make  it  turn  jPzeS^^®  J\e&i^ 
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its  final  descent  to  the  gronnd,  as  in  such  a  case  there  would 
probably  be  a  line  of  disaster  from  the  point  where  the  upward 
turn  began. 

Doubtless  numerous  improvements  can  be  suggested,  but  let- 
ting this  stand  as  the  main  point  of  what  I  have  to  say, — ^that  a 
dissipatable  conductor  protects,— it  may  be  of  interest  to  consider 
why  it  protects.  But  here  you  w  ill  understand  perfectly  weD 
that  while  I  can  offer  certain  explanations  which  seem  fairly 
plausible  to  me,  it  is  not  in  the  nature  of  things  that  I  should 
have  gotten  at  the  whole  truth. 

In  order  to  destroy  a  building  in  whole  or  in  part,  it  is  neces- 
sary that  work  should  be  done;  that  is,  energy  is  required. 
Just  before  the  lightning-discharge  takes  place,  the  energy  cap- 
able of  doing  the  damage  which  we  seek  to  prevent  exists 
mainly  in  the  column  of  air  extending  from  the  cloud  to  the 
earth  in  some  form  that  makes  it  capable  of  appearing  as  what 
we  call  electricity.  We  will  therefore  call  it  electrical  energy. 
What  this  electrical  energy  is,  it  is  not  necessary  for  us  to  con- 
sider ;  but  that  it  exists  there  can  be  no  doubt,  as  it  manifests 
itself  in  the  destruction  of  buildings. 

The  problem  that  we  have  to  deal  with,  therefore,  is  the  con- 
version of  this  energy  into  some  other  form,  and  the  accom- 
plishment of  this  in  such  a  way  as  shall  result  in  the  least  in- 
jury to  property  and  life.  When  lightning-rods  were  first 
introduced,  the  science  of  energetics  was  entirely  undeveloped ; 
that  is  to  say,  in  the  middle  of  the  last  century,  scientific  men 
had  not  come  to  recognize  the  fact  that  the  different  forms  of 
energy — heat,  electricity,  mechanical  power,  etc. — were  convert- 
ible one  into  the  other,  and  that  each  could  produce  just  so  much 
of  each  of  the  other  forms,  and  no  more.  The  doctrine  of  the 
conservation  and  correlation  of  energy  was  first  clearly  worked 
out  in  the  early  part  of  this  century.  There  were,  however,  some 
facts  known  in  regard  to  electricity  a  hundred  and  forty  years 
ago,  and  among  these  were  the  attracting  power  of  points  for  an 
electric  spark,  and  the  conducting  power  of  metals.  Lightning- 
rods  were  therefore  introduced  with  the  idea  that  the  electricity 
existing  in  the  lightning-discharge  could  be  conveyed  around  the 
building  which  it  was  proposed  to  protect,  and  that  the  bxdlding 
would  thus  be  saved. 

The  question  as  to  the  dissipation  of  the  energy  involved  was 
entirely  ignored,  naturally ;  and  from  that  time  to  this,  in  spite 
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of  the  best  endeavors  of  those  interested,  lightning-rods  con- 
stmcted  in  accordance  with  Franklin's  principle  have  not  fur- 
nished satisfactory  protection.  The  reason  for  this  is  apparent 
when  it  is  considered  that  this  electrical  energy  existing  in  the 
atmosphere  before  the  discharge,  or,  more  exactly,  in  the  column 
of  dielectric  from  the  cloud  to  the  earth,  reaches  its  maximum 
value  on  the  surface  of  the  conductors  that  chance  to  be  within 
the  column  of  dielectric ;  so  that  the  greatest  display  of  energy 
will  be  on  the  surface  of  the  very  lightning-rods  that  were  meant 
to  protect,  and  damage  results,  as  so  often  proves  to  be  the  case. 
The  very  existence  of  such  a  mass  of  metal  as  an  old  lightning- 
rod  only  tends  to  produce  a  disastrous  dissipation  of  electrical 
energy  upon  its  surface, — "  to  draw  the  lightning,"  as  it  is  so 
commonly  put. 

Having  cleared  our  minds,  therefore,  of  any  jdea  of  conduct- 
ing electricity,  and  keeping  clearly  in  view  the  fact  that  in  pro- 
viding protection  against  lightning  we  must  furnish  some  means 
by  which  the  electrical  energy  may  be  harmlessly  dissipated,  it 
seems  clear  why  it  is  that  the  use  of  suflScient  energy  to  dissipate 
a  pound  of  copper,  leaves  not  enough  to  do  harm  to  other  objects 
around.  The  question  naturally  arises  how  much  energy  there 
is  available.  There  is  stored  up  in  each  cubic  centimetre  of  the 
column  of  dielectric  from  the  cloud  to  the  earth,  just  before  the 
lightning-discharge,  an  amount  of  electrical  energy  given  by  the 

expression  —  K  E}^  where  K\&  the  specific  inductive  capacity 

of  the  dielectric,  and  ^the  electromotive  intensity,  both  in  elec- 
trostatic units.  This  expression  is  given  on  p.  156,  Vol.  I., 
second  edition,  of  Maxwell's  "Treatise  on  Electricity  and 
Magnetism."  Substituting  the  values  of  jfiTand  E^  and  reducing, 
we  find  that  the  amount  of  energy  involved  amounts  very  nearly 
to  one  foot-pound  for  each  cubic  foot  of  air.  This  is,  of  course, 
a  maximum  value 

When  this  amount  of  energy  is  reached  in  any  cubic  foot, 
the  air  breaks  down,  and  the  discharge  takes  place,  and  the 
amount  of  energy  per  cubic  foot  in  the  column  of  dielectric 
reaching  from  the  cloud  to  the  earth  cannot  be  uniform,  tut  must 
reach  this  maximum  value  along  a  central  core,  and  diminish 
gradually  from  this  value  to  nothing  at  a  considerable  distance. 
If  we  consider  that  the  dissipation  of  this  electrical  energy  takes 
place  throughout  the  whole  length  of  the  coliy^^epfy  ^i^lfigJ^riA^ 
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from  the  cloud  to  the  earth,  we  shall  see  that  all  the  energy  that 
we  have  to  care  for  in  our  lightning-rod  is  that  existing  in  the 
section  of  the  column  contained  between  two  surfaces  passing 
through  the  top  and  foundation  of  our  house  respectively.  I 
have  said  two  surfaces,  as  doubtless  they  are  not  planes :  presum- 
ably they  are  two  equi-potential  surfaces. 

I  am  now  coming  to  a  point  that  I  want  to  make  clear,  and 
that  is,  that  according  to  the  usually  accepted  theories  of  elec- 
trical action,  this  electrical  energy  is  gradually  stored  up  in  the 
column  of  dielectric  from  the  cloud  to  the  earth,  and  that  it  is 
distributed  in  this  column  with  the  greatest  amount  per  cubic 
foot  along  some  central  core,  this  amount  not  exceeding  one  foot- 
pound per  cubic  foot,  and  that  this  process  can  be  continued 
until  the  stress  is  so  great  that  the  air  breaks  down,  when  what 
we  call  a  discharge  of  lightning  takes  place,  and  the  electrical 
energy  disappears,  of  course  only  to  take  on  some  other  form. 
You  may  say  that  the  electricity  travels  from  the  cloud  to  the 
earth,  or  from  the  earth  to  the  cloud,  whichever  you  please ;  at 
any  rate,  there  is  an  electrical  action  in  a  vertical  direction,  the 
discharge  being  supposed  vertical.  I  will  ask,  however,  whether 
it  is  not  true  that  the  energy  involved  travels  along  the  equi- 
potential  lines;  that  is,  travels  in  the  main  horizontally.  It 
seems  to  me  that  it  shrinks  in,  as  it  were,  from  the  considerable 
column  or  ellipsoid  of  dielectric  upon  the  central  core,  where  it 
manifests  itself  as  heat  and  light  in  the  electrical  flash.  It  will, 
then,  be  clear  how  it  is  that  in  providing  a  body  upon  which  the 
dissipation  of  energy  shall  take  place  we  have  to  guard  against 
something  not  coming  from  above  or  below,  but  coming  from 
the  side,  and  that  this  may  be  the  explanation  of  why  it  is  that,  so 
far  as  I  have  been  able  to  find,  a  dissipatable  conductor  protects 
the  building  between  two  essentially  plane  surfaces  passing 
through  its  upper  and  lower  ends. 

Have  we  not,  then,  in  the  lightning-discharge,  another  illus- 
tration of  the  relation  between  light  and  electricity  ?  If  we  sup- 
pose for  a  moment  that  in  place  of  the  central  core  where  the 
electrical  energy  is  dissipated  we  were  to  place  some  hot  or  lu- 
minous body,  this  body  would  constantly  radiate  energy  into  the 
surrounding  space,  and  at  any  instant  there  would  be  in  each  cubic 
foot  of  this  surrounding  space  a  certain  amount  of  radiant  energy. 
Now,  if  this  process  could  be  brought  to  a  standstill  at  any  mo- 
ment, would  not  the  conditions  be  in  some  degree  sim'arto  those 
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just  preceding  the  electrical  discharge  ?  There  would  be  need  of 
a  certain  force  along  the  central  core  to  maintain  the  various 
stresses  throughout  the  surrounding  medium ;  and  if  this  central 
force  were  to  be  taken  away,  as  it  is  taken  away  when  the  di- 
electric breaks  down  and  the  spark  passes,  the  stresses  could  no 
longer  be  maintained,  and  there  would  be  a  vibratory  transmis- 
sion of  the  energy  back  upon  the  central  core. 

But  let  all  this  be  as  it  may,  the  main  point  which  I  would 
urge  upon  your  consideration  is,  that  by  giving  the  electrical  en- 
ergy something  which  experience  shows  it  will  readily  dissipate, 
that  is,  a  conductor  of  varying  resistance  and  small  size,  we  can 
but  mitigate  the  effects  of  lightning-discharges,  so  long  as  the 
conservation  of  energy  holds  true.  I  will  only  repeat  that  I  have 
so  far  found  no  case  on  record  where  the  dissipation  of  such  a 
conductor  has  failed  to  protect  the  building  under  the  conditions 
already  explained. 

Discussion.^ 

Mr.  Edward  P.  Thompson  : — I  have  listened  with  a  great  deal 
of  interest  to  the  matter  presented  in  the  paper  just  read.  The 
alleged  facts  seem  to  agree  with  our  ideas  of  electricity  of  low 
potential.  Electricity  occurs  in  thunder-storms,  and  the  best 
thing  to  do  is  to  get  rid  of  it.  One  way  is  by  conducting  it  away 
sufficiently  rapid  by  means  of  a  conductor  oi  very  large  surface 
capacity,  as  the  conductivitv  of  a  metal  as  to  static  electricity,  de- 
pends upon  the  surface  and  not  upon  the  sectional  area.  This 
principle  is  applied  in  the  ordinary  lightning-rod.  As  I  under- 
stand the  speater,  he  proposes  to  provide  a  system  whereby  the 
electrical  energy  is  not  conducted  away,  but  converted  into  heat. 
In  view  of  the  conduction  principle  having  so  often  proved  a 
failure,  and  the  conversion  principle  having  succeeded  every 
time,  according  to  the  researciies  oi  the  speaker,  and  since  his 
theory  agrees  with  well-known  electrical  principles,  I  think  Mr. 
Hodges  has  presented  matter  well  worthy  of  the  consideration  of 
the  Institute,  and  I,  for  one,  can  find  no  obiection  to  his  system 
as  to  correctness  of  principle.  As  to  practical  equipment,  some 
incombustible  non-conductor,  such  as  asbestos,  should  be  placed 
between  the  thin  metallic  strip  and  the  structure  to  be  protected 
or  else  the  melted  metal  may  set  tire  to  the  building. 

Dr.  Wm.  E.  Geyer:  -It  seems  to  me  that  the  occurrence 
quoted  here  from  Franklin  tends  to  show  that  the  ordinary 
tneory  of  the  lightning-rod  is  essentially  true.  The  bell-wire,  so 
far  as  it  went  in  the  occurrence  here  described,  was  a  lightning- 
rod,  and  protected  the  building  so  far  as  that  lightning-rod  went. 


1  By  Messrs.  B.  P.  Thompson,  Wolcott, 
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It  was  not  heavy  enough  to  carry  the  current  and  it  was  for  that 
reason  dissipated,  so  that  the  dissipation  was  simply  an  accident. 
The  mere  dissipation,  however,  did  not  save  tnat  part  of  the 
building  where  the  wire  stopped  and  there  was  no  good  conduc- 
tor; the  building  was  without  any  lightninff-rod  and  was  more 
damaged  iJian  where  it  had  even  a  small  rod. 

Mb.  Townsend  Woloott: — Professor  Lodge's  theory  of  the 
Leyden  jar  discharge  is  that  it  is  oscillatory  under  ordinary  con- 
ditions, that  is  where  the  coatings  are  connected  with  a  good 
conductor.  Now,  if  they  are  connected  with  a  bad  conductor, 
such  as  a  wet  string,  Professor  Lodge  says  that  the  discharge 
may  be  only  in  one  direction.  That  is,  the  energy  is  all  dissipated 
in  a  single  discharge,  whereas,  if  the  conductor  is  good,  there 
is  little  energy  dissipated  in  getting  from  one  coating  to 
another.  So  far,  Mr.  Hodges'  theory  would  seem  to  agree  with 
Prof.  Lodge's,  that  if  you  can  use  up  the  energjy  of  the  electricity 
in  destroying  the  conductor  you  will  get  rid  of  it  more  quickly 
than  you  would  in  any  other  way,  and  the  lightning  will  have 
less  effect  outside  of  that.  But  there  are  some  other  points. 
Mr.  Hodges  says  we  do  not  attempt  to  make  a  good  connection 
at  the  top  of  the  dielectric.  I  do  not  exactly  understand  that. 
We  do  attempt  to  give  it  good  connection  with  a  conductor.  If 
a  cloud  is  charged,  that  is  a  charged  conductor,  andeo  long  as  the 
current  is  to  come  down  to  the  earth  we  try  to  ffet  as  good  con- 
nection with  it  as  we  can  by  putting  points  on  the  lightning-rod 
for  instance.  A  better  way  to  do  tnat  would  be  to  have  a  name 
or  something  of  that  sort.  As  an  experiment  in  drawing  elec- 
tricity from  the  air,  a  flame  is  better  than  a  point.  Sut,  of 
course,  it  would  not  work  in  a  thunder-storm. 

As  to  the  point  which  Dr.  Geyer  just  mentioned,  that  Mr. 
Hodges'  experiments  support  the  ordinary  theory  of  the  light- 
ning-rod— I  think  his  rejisoning  does,  to  some  extent  too,  in  re- 
gard to  getting  rid  of  the  energy  on  the  central  core.  Take  the 
ordinary  lightning-rod — the  way  it  is  intended  to  work  is  rather 
to  prevent  a  disruptive  discharge  than  it  is  to  take  care  of  one 
that  has  already  occurred.  We  desire  to  equalize  the  difference 
of  potential  by  drawing  off  the  charge  from  the  cloud  before  it 
gets  to  a  dangerous  limit.  If  we  can  do  that  we  do  not  have 
any  disruptive  discharge  at  all.  It  is  just  like  a  brush  discharge 
such  as  you  get  from  a  conductor  with  points  on  an  electric 
machine.  I  tliink  the  fact  is  not  questioned  that  lightning  some- 
times is  discharged  in  that  way,  but  not  always.  There  is  the 
trouble.  I  do  not  think  that  any  one  svstem  of  lightning-rods 
has  proved  successful.  Sometimes  a  liglitning-rod  will  take  care 
of  several  discharges  in  a  single  storm,  and  that  seems  to  be 
something  which  Mr  Hodges'  lightning-rod  would  not  do ;  be- 
cause, after  it  had  been  dissipated  by  one  discharge,  I  do  not 
think,  even  if  it  could  be  put  up  in  a  few  moment.^,  that  anybody 
would  care  to  be  monkeying  around  a  conductor  when  there  was 
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lightning.  Mr.  Hodges  having  asked  us  to  clear  onr  minds  of 
the  idea  of  conducting  electricity,  seems  to  go  further  than  most 
of  the  modem  theonsts  on  electricity.  I  think  Mr.  Hodges, 
even  if  he  does  not  use  the  idea  of  electricity,  will  admit  that  we 
want  to  make  a  metallic  way  entirely  down  to  the  earth.  The 
case  is  somewhat  analogous  to  the  Leyden  jar.  That  is,  two  con- 
ductors separated  by  a  dielectric.  Now,  we  want  to  bridge  over 
the  whole  space  of  the  dielectric,  whether  you  use  the  idea  of 
conductivity  or  not.  So  I  don't  think  it  makes  much  difference 
whether  you  use  his  dissipatable  lightning  rod  or  a  stout  one. 

Mr.  Hjodges  : — I  would  like  to  bring  the  discussion  back  once 
more.  In  order  to  make  the  paper  of  some  length,  I  gave  some 
theory ;  but  the  fact  as  I  have  found  it  is  this :  I  know  how  the 
books  state  that  the  ship  '^Jupiter"  was  saved  from  destruction  in 
spite  of  her  lightning-rod  going  to  pieces.  But  take  the  fact  with- 
out going  to  the  books  at  all.  •  What  do  the  records  show  ?  I  want 
to  get  a  case  where  the  conductor  has  gone  to  pieces,  and  where 
the  ship  has  not  been  saved.  I  have  not  found  such  a  case. 
Suppose  the  conductor  is  dissipated  between  two  points  [illus- 
trating]. I  found  this  to  be  true  in  every  single  case"of  a  church 
tower  being  struck  where  the  wire  runs  from  the  bells  to  the 
clock.  The  wire  goes,  and  the  church-tower  is  saved  between 
those  two  planes.  Now,  that  is  a  matter  of  record.  The  ship 
"  Jupiter  "  had  a  cliain  conductor,  and  it  was  dissipated ;  and  the 
books  say  that  the  ship  was  saved  in  spite  of  the  conductor  being 
dissipated.  But  that  is  a  man's  opinion  What  1  want  to  urge 
on  the  Institute  is  simply  this :  Tliat  in  every  single  case  when 
a  conductor  goes  to  pieces  everything  else  is  saved.  Why  and 
wherefore,  I  do  not  care.  I  gave  some  theoretical  reasoning 
which  seems  to  me  more  or  less  correct,  but  it  is  unimportant.  I 
want  to  bring  the  discussion  back  to  simply  this  matter  of  fact : 
Can  you  cite  a  case  where  the  conductor  has  gone  to  pieces,  and 
there  has  been  any  destruction  to  the  building  between  practi- 
cally two  horizontal  planes  passing  throusih  the  upper  and  lower 
ends  of  that  dissipated  conductor?  You  will  find  that  there  is 
damage  above  and  damage  l)elow,  very  likely.  But  as  I  went  on 
through  the  Philosophical  Transactions  I  found  one  case  thereof 
a  thunder-storm  passing  over  a  village  (it  was  a  century  ago,  or 
more\  and  the  people  were  dependent  on  the  church  clock  for 
the  time.  In  the  morning  they  did  not  hear  the  clock  strike. 
They  went  up  in  the  church  tower  to  see  what  the  matter  was, 
and  found  the  windows  smashed  just  above  the  bell ;  f(.und  the 
wires  running  from  the  bell  to  the  clock  were  gone,  and  that  was 
all  the  damage  done.  To  show  how  small  a  conductor,  when 
dissipated,  will  save  a  house,  I  will  cite  the  ease  of  a  palace  in 
France  in  the  early  part  of  the  century.  The  interior  was  heav- 
ily gilded.  The  ])eople  were  sitting  around  on  gilded  sofas  rest- 
ing against  the  walls — resting  ascainst  thin  gilded  strips.  A  Fel- 
low of  the  Royal  Society  visitecT  the  palace  the  day  after  it  was 

Digitized  by  VJf^^v^Vlv^ 


no  HODGES  ON  LIQETNING  PROTECTION.         [April  21. 

struck  by  lightning  and  looked  over  the  ground.  No  one  was 
killed.  No  oamage  was  done  to  that  palace  as  far  as  the  gilding 
extended.  That  is,  in  the  gilded  rooms  no  damage  was  done  ex- 
cept that  the  gilding  disappeared :  it  was  dissipated.  When  they 
got  to  the  lower  portions  of  the  palace,  where  there  was  no  ^It, 
things  were  smasned.  But,  as  I  say,  I  started  out  in  this  thing 
with  an  hypothesis  which  was  to  a  certain  extent  wrong.  1 
looked  into  the  records  to  see  what  was  recorded,  not  as  a  matter 
of  opinion,  but  to  find  out  what  actually  happened.  And  what 
actually  happened  was,  so  far  as  I  was  able  to  judge,  that  there 
was  no  case  where  a  dissipated  conductor  failed  to  protect  a 
building  imder  these  limitations  which  I  state.  Of  course,  above 
or  below,  damage  did  occur. 

A  Member  : — From  a  practical  standpoint,  would  you  kindly 
tell  us  where  you  put  that  conductor  on  a  house,  and  would  you 
put  more  than  one  strip  on  a  building  ? 

Mb.  Hodges  : — Along  the  ridge-pole,  down  the  eaves,  down 
to  the  ground.  I  should  avoid,  at  the  lower  end,  making  con- 
nection with  any  large  masses  of  metal.  The  number  of  strips 
placed  on  a  building  would  depend  on  the  size. 

I  got  a  patent  on  this  thing  last  year.  I  told  a  friend  of  mine 
that  I  was  interested  in  the  protection  of  buildings  from  light- 
ning, and,  a  patent  not  being  issued,  I  could  not  tell  him  much 
about  it.  The  next  day  he  met  me  and  said,  "  Did  you  read  in 
the  Post  the  account  oi  the  lightning  storm  in  Jersey  yesterday?" 
I  said,  '*  No."  lie  said,  "  There  was  one  case  where  a  house  was 
struck  by  lightning  in  Jersey  and  the  rod  was  smashed,  bat  the 
house  was  uninjured."  I  noted  it  down  as  another  case.  A  man 
who  was  in  my  employ  some  years  ago  came  to  vax  office.  I 
described  this  thing  to  liim,  and  he  said,  "  I  have  been  there." 
He  said  when  he  was  a  boy  he  had  a  telegraph  line  running  from 
his  house  to  a  neighbor's  liouse.  It  was  made  of  piano  wire,  and 
the  lightning  struck  the  roof  somewhere  there  [illustrating],  then 
followed  along  the  metallic  gutter  to  a  point  here.  This  piano 
wire  ran  down  to  the  ground,  and  ran  over  here  to  the  neighbor's 
house.  At  this  point  a  little  damage  was  done  to  it.  The  dis- 
charge followed  along  the  conductor  without  doing  any  material 
damage,  and  there  was  no  other  damage  to  the  house  except  that 
the  wire  was  gone. 

Mr.  Wolcott  : — Although  I  do  not  question  that  conductors 
work  that  way,  we  also  find  that  they  work  tlie  other  way,  ac- 
cording to  tlie  old  theory,  in  very  many  instances.  It  certainly 
is  a  matter  of  record  that  conductors  have  sometimes  earned  on 
several  discharges  in  the  same  thunder-storm,  which  adissipatable 
conductor  could  not  do  unless  you  were  able  to  put  up  a  second 
one  in  the  place  immediately  after  tlie  dissipation  of  the  first. 

A  Membkr  : — The  Washington  Monument  is  a  pretty  good 
lightning  arrester.  I  was  shown,  a  few  weeks  ago,  by  rroi. 
Owens,  where  lightning  had  struck  and  knocked  out  big  chunks 
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of  stone  from  the  monument.  He  seemed  to  think  that  lightning 
followed  the  path  of  least  electrical  resistance,  so  he  put  up  an 
additional  wire  and  connected  that  with  the  new  iron  work  of 
the  monument,  and  he  says  he  has  not  had  any  trouble  since  then 
with  stones  being  knocked  out. 

Mb.  E.  p.  Thompson  : — I  have  not  heard  of  any  experiments 
being  performed  upon  Mr.  Hodges'  proposed  system.  It  may 
seem,  perhaps,  impossible  to  perform  experiments  with  lightning 
in  a  laboratory,  because  of  the  inconvenience  of  waiting  for  a 
thunder-storm  ;  but  it  can  be  done  with  the  induction  system,  and 
possibly,  therefore,  some  way  may  be  thought  of  for  testing  Mr. 
Hodges'  invention.  About  three  years  ago,  I  tried  some  experi- 
ments in  connection  with  a  client,  a  well-known  lightning-rod 
manufacturer.  Captain  Hubbell,  who  has  equipped  government 
magazines.  His  new  system  was  tried  with  considerable  elabor- 
ateness in  the  Equitable  Building  during  its  repair,  for  the  con- 
sideration of  the  Standard  Oil  Company,  who  met  with  great 
losses  of  oil  tanks,  caused  by  lightning.  An  immense  Leyden 
battery  was  charged  with  an  electrical  friction  machine,  and  arti- 
ficial lightning  was  thus  generated.  Small  oil  tanks  containing 
alcohol — ^more  easily  lighted  by  the  spark  than  petroleum — were 
equipped,  and  by  discharginff  the  battery  it  was  easily  determined 
how  manv  times  out  of  a  hundred  the  Captain's  system  was 
successful.  Some  experiment  with  Mr.  Hodges'  system  would 
soon  settle  the  question  of  effectiveness. 

Mr.  Chables  Steinmetz  : — To  one  point  more  I  wish  to  draw 
attention.  By  using  such  an  interrupted  conductor  of  small 
cross-section,  that  is  of  comparatively  high  resistance,  you  are 
liable  to  change  the  whole  nature  of  the  lightning  discharge. 
You  change  it  from  an  oscillating  discharge  to  a  steady  and  con- 
tinuous rush  of  current,  from  which  you  must  expect  quite 
different  effects. 

When,  for  instance,  you  discharge  a  condenser  by  a  conductor 
of  very  low  resistance,  you  get  an  oscillating  discharge  of  an 
extraordinary  high  frequency.  If  you  increase  the  resistance  of 
the  conductor  the  number  of  oscillations  of  the  discharge  de- 
creases, it  runs  down  quicker,  until  at  last  you  reach  a  value  of 
resistance  where  only  one  wave  of  discharge  current  appears,  that 
is,  the  discharge  of  tne  condenser  becomes  steady. 

Now,  if  we  can  make  a  lightning  discharge  steady,  instead  of 
oscillating,  then  we  have  first  to  expect  that  the  electricity 
traverses  the  lightning-rod  only  once,  slowly  increasing  in  current 
strength  and  then  decreasing  again  by  going  down  to  the  ground; 
while  in  an  oscillating  discharge  the  current  will  rush  to  and  fro 
through  the  conductor  until  its  energy  is  consumed  by  the  resist- 
ance of  the  lightning-rod,  or  by  electro-magnetic  radiation  and 
reradiation  from  the  induced  currents  produced  by  the  oscillating 
discharge  in  neighboring  conductors. 

This,  perhaps,  may  account  for  some  of  those  phenomena 
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mentioned  to-night ;  that,  when  the  lightning-rod  is  dissipated, 
that  is  when  its  resistance  was  very  hi|h  in  comparison  with  the 
quantity  of  electricity  rushing  through,  there  was  a  steady  dis- 
charge and  no  harm  was  done.  While,  when  it  is  an  oscillating 
discharge,  the  slightest  irregularity  will  cause  the  discharge  to 
"  jump  the  track,  that  is  to  leave  the  lightning-rod,  which  is 
obstructed  by  the  counter  b.  m.  f.  of  self-induction,  and  to  spark 
over  to  metal  masses  of  larger  condenser  capacity. 

For  what  I  consider  as  the  most  dangerous  part  of  lightning 
discharges  is  not  the  enormous  voltage  of  the  discharge,  nor  the 
strong  current  rushing  through  the  lightning-roa,  but  the 
electro-magnetic  field  of  force,  vraich  alternates  with  enormous 
frequency  and  reaches  far  out  into  space,  from  the  real  path  or 
centre  of  disruptive  discharge,  and  tnereby  must  cause  inductive 
effects  everywhere,  which  as  before  said,  cause  not  only  the  main 
discharge  to  spark  over,  but  produce  true  secondary  or  induced 
lightning  discliarges. 

Hence  I  must  De  very  much  in  favor  of  every  arrangement 
which  is  able  to  change  the  oscillating  discharge  into  a  steady 
rush  of  current. 

The  resistance  of  the  lightning-rod  I  consider  as  of  subordinate 
importance  only,  except  so  far  as  carrying  capacity  is  concerned. 
For  of  what  use  is  a  resistance  as  low  as  a  few  ohms,  when  the 
self-induction  of  the  lightning  rod  causes  a  spurious  resistance  of 
perhaps  hundreds  of  thousands  of  ohms. 

Mr.  Hodges  : — I  would  bring  this  discussion  back  once  more 
to  this  matter  of  fact  that  I  am  interested  in.  The  theory  I  do 
not  care  so  much  about.  It  may  be  interesting  as  mental  gym- 
nastics. I  came  here  feeling  quite  sure  that  somebody  would 
stand  up  and  say,  "I  know  a  church  or  a  house  in  this  town  or 
that  town  where  the  conductor  was  dissipated  and  yet  damage 
was  done  on  the  same  level."     I  have  not  found  a  case. 

Db.  Geyer: — In  a  disruptive  discharge  the  length  of  the 
lightning-rod  it  seems  to  me  is  a  very  small  part  of  the  total 

Eath.  i  should  imagine  that  any  resistance  the  conductor  would 
ave  would  be  such  a  small  part  of  the  total  that  it  would  not 
have  much  effect  on  the  character  of  tlie  discharge. 

Mr.  Steinmetz  : — I  believe  I  have  been  misunderstood  in  what 
I  meant  by  the  influence  of  the  resistance  upon  the  nature  of  the 
discharge.  • 

Indeed,  the  whole  resistance  of  the  lightning  circuit  is  so  large 
that  under  any  circumstances  the  resistance  of  the  lightning-rod 
is  imperceptibly  small. 

But,  as  explained  in  my  former  remark,  it  is  not  the  resistance 
proper,  but  the  consumption  of  energy  by  the  resistance,  which 
causes  the  amplitude  of  the  oscillating  discharge  to  decrease 
slower  or  quicker  until,  for  a  very  rapid  consumption  of  energy 
by  resistance,  only  one  wave  appears  that  is  a  steady  or  contm- 
uous  current.  ^  j 
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This  phenomenon  is  similar  to  a  pendalum  oscillating  in  a 
liquid:  the  greater  the  frictional  resistance  of  the  liqmd  the 
quicker  the  amplitude  of  the  pendulum  motion  decreases,  until, 
at  last,  in  a  very  tough  liquid,  the  pendulum  comes  to  rest  with- 
out any  oscillation  at  all :  periodically. 

In  such  a  way  the  resistance  of  the  conductor,  by  consuming 
the  energy  of  the  electric  discharge,  could  change  the  discharge 
from  an  oscillating  to  a  continuous  one,  although  the  whole  "  re- 
sistance "  has  still  about  the  same  value  "infinite,"  if  we  were 
allowed  to  speak  with  the  usual, meaning  of  *•  resistance  "  of  dis- 
ruptive discharges,  which  we  are  not. 

Mb.  Bibdsall: — I  think  Mr.  Hodges  has  given  us  the  most 
original  idea  on  this  lightning-rod  question  that  has  been  put 
forward  for  some  time.  I  also  think  that  Mr.  Steinmetz  has  hit 
the  nail  on  the  head  in  his  explanation  of  it.  It  only  shows  us 
again  what  we  do  not  know  about  the  various  phases  of  alter- 
nating currents.  His  theory  also  gives  me  a  little  uneasiness, 
because  I  have  advised  a  number  of  friends  who  have  built 
houses  in  the  country  to  put  in  a  metal  lath,  as  I  thought  that, 
having  plenty  of  metal  around,  that,  if  the  house  happened  to 
be  struck,  it  would  go  to  the  ground  through  this  metal  lath. 
Now,  if  any  of  those  houses  are  struck  and  that  metal  lath  turns 
into  gas  I  think  I  shall  emigrate 

Mb.  Hodges:— That  metal  lath  reminds  me — I  wrote  to 
Edward  Atkinson  about  this.  You  know  he  is  president  of  about 
the  only  insurance  company  in  the  country  that  cares  about 
stopping  fires ;  that  is,  reducing  the  amount  of  damage  done.  He 
wrote  back  that  they  had  had  experience  with  lightning-rods,  and 
that  their  experience  was  such  that  they  had  abolished  them  on 
all  factories  that  were  insured  by  the  Manufacturers'  Mutual 
Fire  Insurance  Company.  Now,  in  the  mills  there  is  a  consider- 
able surface  of  metal ;  and  they  find,  as  is  natural,  that  the  dis- 
charge spreads  itself  probably  over  the  surface  of  this  metal.  At 
any  rate,  the  potential  was  so  reduced  as  to  very  materially 
mitigate  the  effects.  As  Mr.  Atkinson  put  it,  it  spreads  out  over 
the  surface  of  the  machinery,  so  that  no  great  damage  is  done. 
But  they  have  taken  off  their  old  rods. 

Mr.  Wolcott: — There  is  one  question  I  would  like  to  ask  in 
regard  to  that  drawing  on  the  board — if  you  do  not  say  that  no 
damage  was  done  to  the  end  of  the  building,  in  spite  of  the  fact 
that  tlie  conductor  was  dissipated,  why  don't  j^ou  have  to  say 
that  no  damage  was  done  along  the  eaves,  in  spite  of  the  fact  that 
the  conductor  was  not  dissipated. 

Mr.  Hodges  : — That  is  a  fair  question.  A  dissipated  conductor 
may  run  horizontally  any  reasonable  distance,  and  then  run 
down  ;  and  when  it  goes  to  pieces  the  thing  is  saved.  But  when 
the  conductor  is  not  dissipated,  tliere  are  any  number  of  cases 
where  the  building  is  not  saved. 

Mr.  Wolcott: — I  can  understand  it,  that  a  dissipating^  c<m- 
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ductor  would  very  often  save  the  building,  but,  according  to  the 
accounts  that  have  been  cited,  it  does  not  seem  to  make  any 
difference  how  little  there  is  of  that  metal.  There  must  be  some 
limit.  When  it  gets  down  where  a  little  bit  of  gold-leaf  is  going 
to  save  a  building  it  looks  rather  improbable.  If  a  little  bit  of 
metal  being  dissipated  would  save  a  building  from  a  lightning 
discharge,  then  an  ordinary  lightning  discharge  would  not  be 
sufficient  to  dissipate  some  of  these  larger  conductors  which  are 
dissipated. 

Mr.  Hodoes  : — I  do  not  pretend  to  understand  anything  about 
it.  I  have  theorized  upon  it,  but  that  is  not  important.  It  is 
only  the  fact,  and  the  fact  stands  there  until  somebody  gets  up 
and  shows  a  specific  case  where  it  does  not  work. 

Me.  Birdsall  : — I  do  not  think  that  Mr.  Wolcott  can  hold  that 
argument,  because  he  has  not  any  data  on  the  comparative  ener- 

fies  of  these  various  discharges  of  which  we  have  record.  We 
ave  a  record  of  the  damage  done  in  the  dissipation  of  the  con- 
ductor, but  we  have  no  record  of  the  foot-pounds  of  energy  in 
the  discharge. 

Now,  the  discharge  that  burnt  up  the  gold-leaf  on  the  wall 
miti^ht  liave  been  a  great  deal  smaller  than  some  of  the  discharges 
which  burned  up  the  larger  conductors.  Then  another  point  has 
been  raised  about  the  replacing  of  the  conductor  immediately 
after  it  was  dissipated.  Tliis  will  never  l)e  necessary,  it  seems  to 
me,  for  it  is  a  recorded  or  alleged  fact,  that  lightning  never  strikes 
twice  in  the  same  place.  They  say  that  m  naval  combats  the 
safest  place  is  to  put  your  head  through  the  hole  that  the  cannon 
ball  has  just  come  through,  and  if  it  did  strike  more  than  once  the 
rods  could  be  arranged  on  the  principle  of  the  multiple  fuse  and 
a  new  one  plugged  in  as  fast  as  they  dissipated 

Mr.  Wolcott  : — Mr.  Birdsall  has  been  facetious  on  this  point 
and  I  will  try  to  be  so,  too.  I  have  heard  it  stated  that  one 
reason  why  lightning  does  not  strike  in  the  same  place  twice  is  that 
the  place  is  generally  gone  when  the  lightning  has  struck  once. 
I  certainly  have  reaa  of  several  cases  where  the  conductor  has 
conducted  several  discharges  to  earth  in  the  same  storm.  Now, 
with  regard  to  gold-leaf  discharge.  That  this  charge  waj?  smaller, 
of  course,  may  be  true.  But  the  fact  that  the  discharge  in  each 
of  these  cases  is  just  about  suited  to  the  size  of  the  conductors 
would  seem  to  show  that  there  was  some  coincidence  about  the 
matter.  If  a  dissipated  conductor  always  sto])s  the  damage,  or 
very  nearly  always,  there  is  something  more  than  coincidence 
about  it.  It  seems  to  me  that  such  an  instance  as  that  could  not 
be  more  than  a  mere  coincidence — that  a  discharge  which  was 
capable  of  doing  considerable  damage  to  the  building  where  the 
conductor  was  not  dissipated,  should  be  all  used  up  by  dissipating 
a  very  small  amount  of  metal  is  not  probable. 
K  The  President: — I  will  call  the  attention  of  the  Institute  to 
the  fact  that  our  usual  time  of  adiournment  has  verv  long  passed. 
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Mb.  Hodges  : — Ships  have  been  struck  a  number  of  times  in 
the  same  storm.  If  you  can-  cite  si*ecilic  cases  against  me,  all 
right.  I  have  found,  so  far  as  I  know  that  a  dissipatable  con- 
ductor protects.  Why,  is  another  question  that  does  not  concern 
us.  Why  that  gold-leaf  protected  we  do  not  care.  It  did  pro- 
tect. There  is  no  arguing  against  its  being  reasonable,  that  will 
set  aside  the  fact.  I  thought  over  the  matter,  and  have  some 
theoretical  considerations  to  show  why  it  does  protect,  but  those 
are  not  essential. 

This  is  all  I  want  to  give  at  the  present  time.  But  I  believe 
there  is  one  other  way  of  furnishing  protection  against  lightning 
which  has  been  ignored  for  a  number  of  years.  The  facts  have 
been  staring  us  in  the  face.  I  think  about  the  same  time  that 
Harris  introduced  his  system  of  li^htnin^-rods  there  was  a  modi- 
fication made  in  the  rigging  of  ships  whicli  has  tended  to  miti- 
fate  the  disastrous  effects  of  lightning.  The  facts  were  well 
nown  long  before  Harris  came  into  existence ;  but  tliey  were 
so  thoroughly  out  of  tune  with  all  the  science  of  that  day,  thut 
they  were  simply  ignored ;  so  that,  in  fact,  in  the  report  of  the 
Lightning-Rod  Conference,  there  is  only  the  title  of  one  paper 
bearing  on  the  subject.  To  find  that  paper  I  hunted  through  the 
Astor  Library,  and  put  one  of  their  expert  searchers  to  work 
there ;  and  it  was  evidently  considered  of  so  little  importance, 
that  it  had  not  been  copied  in  any  periodical.  By  going  back 
further  and  further  in  the  Philosophical  Transactions,  I  found  the 
same  facts  reported  of  a  most  positive  character,  and  I  think  they 
have  a  bearing  on  this  apparent  immunity  of  ships  when  they  are 
supplied  with  good  conductors.  I  am  inclined  to  think  that  it  is 
not  the  Harris  conductor  that  has  been  doing  good  service  entire- 
ly, but  it  is  something  else.  But  all  that  I  would  have  said  this 
evening,  if  it  had  not  been  necessary  to  present  a  paper  of  some 
length,  was  that  a  dissipatable  conductor  protects. 

Me.  James  Hamblet  : — I  understand  the  gentleman  to  say  that 
a  dissipatable  conductor  protects.  I  have  in  mind  a  very  large 
building  situated  at  the  top  of  a  hill,  in  a  very  exposed  position. 
That  building  is  constructed  with  a  metal  roof,  entirely  over  the 
building,  but  having  no  lightning-rods.  It  has  large  iron  pipes, 
six  inches  in  diameter,  to  conduct  water  through  the  building 
down  to  the  ground.  That  building  has  never  been  injured  by 
lightning  at  Si,  but  frequently  trees  around  it  on  the  nill  have 
been  destroyed  by  lightning.  The  lightning  conductors  of  the 
building,  which  are  mese  same  iron  pipes  I  have  mentioned,  have 
not  been  dissipated. 
Adjourned. 
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AMERICAN  INSTITUTE  OF  ELECTEICAL 
ENGINEERS. 


ANNUAL  MEETING. 

At  the  Annual  Meeting  of  the  American  Institute  of  Electri- 
cal Engineers,  held  in  New  York  City,  May  19th,   1891,  the 
following  oflScers  were  elected  to  fill  vacancies  occurring  under 
■  the  Rules : 

President, 
ALEXANDER  GRAHAM  BELL. 

Term  Expires,  1892. 
Vice-Presidents.  Managers. 

Terms  Expire,  1893.  Terms  Expire,  1894. 

Thomas  D.  Lockwood.  Dr.  Louis  Bell, 

Carl  Herino  Herbert  Laws  Webb, 

William  J.  Hammkr.  Prof.  Alfred  G.  Compton, 

James  IIamblet. 
Treasurer,  Secretary, 

George  M.  Phelps.  Ralph  W.  Pope. 

The  following  reports  were  read  by  the  Secretary : 


Report  of  Council  for  the  Year  Ending  May  lOth,  1891. 

Your  Council  takes  pleasure  in  reporting  that  the  work  of  the 
Institute  has  been  continued  during  the  past  year  with  most 
gratifying  results,  in  the  growth  of  membership  as  well  as 
interest  on  the  part  of  all  who  are  identified  with  it. 

Ten  monthly  meetings  of  Council  have  been  held  at  which 
the  average  attendance  has  been  9. 

Ten  meetings  of  the  Institute  have  been  held  besides  the 
annual  meeting,  at  which  twenty-five  papers  and  reports  were 
read  and  discussed.  These  have  been  printed  and  distributed  to 
the  membership. 

Committees  of  the  Institute  have  reported  upon  a  Standard 
Resistance  of  Copper  and  the  adoption  of  American  names  for 
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electrical  units.  The  reports  of  these  Committees  have  been 
widely  circulated  and  have  met  with  general  approval. 

A  Standing  Committee  of  five,  on  Units  and  Standards  has  also 
been  appointed. 

The  total  membership  at  the  close  of  last  year's  report  was  as 
follows : 

Honorary 2 

Members 145 

Associate  Members 280 

Total 427 

There  have  been  12 1  Associate  Members  elected  during  the 
past  year. 
The  foUowincf  members  have  resigned  during  the  year : 
G.  W.  Hkbard,  C.  L.  Healy, 

E.  11.  Johnson,  R.  W.  Blaokwell, 

Leopold  Weil,  S.  M  Plush, 

Hartley  Gisborne.  Total,  7. 

We  have  lost  by  death  the  following  members : 
William  B.  Knight,  of  Kansas  City,  Mo. 
Thomas  P.  Conant,  of  New  York  City.  Total,  2 

One  member  has  been  dropped  from  the  roll. 

The  total  membership  is  now  as  follows : 

Honorary 3 

Members 161 

Associate  Members 877 

Total 641 


SECRETARY'S  BALANCE  SHEET 
FOR  THE   Year  Ending   May   19th,   1891. 
Ralph  W.  Pope,  Secretary,  in  account  with  the 

American  Institute  of  Electrical  Engineers. 
Dr.  Cr 

1891. 

To  Balance  from  1890 (      2  23        By  Cash  to  Treasurer $5,717  45 

Sundry  receipts 12  ?3 

Entrance  fees 565  00 

Life  Members 200  00 

Back  dues 85  85 

Current  dues 3,921  U 

Advance  dues 203  33 

Electroty^pes  sold 222  35 

Typewriting    and    Steno- 
graphy        217  53 

Transactions  sold 270  00 

For  Binding 28  80        Secretary's  Balance  on  hand        10  51 

$6,727  96  *5,727  96 
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Expenses  of  the  Yeab. 

The  Treasurer  has  disbursed  upon  warrants  drawn  by  the 
Secretary,  by  direction  of  the  Council  and  Finance  Committee, 
the  amount  of  $5,213.77,  which  has  been  expended  as  follows: 

stenography  and  Typewriting |   830  87 

Stationery  and  Miscellaneous  Printing 400  17 

Postage 811  14 

Messenger  Service 84  99 

Salaries 1.475  00 

Engraving  and  ^lectrotyping 454  88 

Meeting  Expenses 88  00 

Kent 77800 

Printing  Transactions 1,112  47 

Express 2  90 

Moving 17  00 

Telegrams 8  85 

Gas      10  49 

Bind  ing 87  72 

Office  Fittings 70  45 

'•     Expenses 82  79 

Copyright 7  00 

Duties 75 

Cartage 1  85 

(5,218  77 

This  amount  should  be  credited  with  the  sum  of  $738.68 
appearing  in  the  receipts ;  for  cuts,  copying,  sales  of  transactions, 
etc. 

The  net  receipts  for  the  year  for  membership  fees  and  dues 
are  therefore  $4,974.82  and  the  net  expenses  $4,475.09  leaving 
an  excess  of  receipts  over  expenses  of  $499.73.  The  outstanding 
bills  against  the  Institute  amount  to  $323.65,  and  the  uncollected 
bills  due  the  Institute  from  others  than  members  amount  to 
$334.67.  The  arrearages  of  dues  for  the  past  year  amount  to 
$480.  The  balance  in  the  Treasurer's  hands  to  the  credit  of  the 
General  Fund  is  $752.94,  showing  an  increase  of  $503.68  over 
last  year. 

On  the  first  of  June,  the  Institute  entered  upon  the  arrange- 
ment referred  to  in  last  year's  report,  by  which  the  meetings  of 
the  Institute  and  of  the  Council  have  been  held  in  the  House  of 
the  American  Society  of  Mechanical  Engineers,  where  the 
Secretary's  office  is  also  located.  The  quarters  have  proved 
entirely  satisfactory,  and  in  accordance  with  the  terms  of  the 
lease  the  same  arrangements  will  be  continued  for  the  coming 
year. 

Respectfully  submitted  by  direction  of  Council. 

Ralph  W.   Pope, 

Secretary,         j 
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TREASURER'S  REPORT. 

New  York,  May  15th,  1891. 
Geo.  M.  Phelps,  Treasurer,  in  account  with 

American  Institute  of  Electrical  Engineers. 

Dr. 

Balance  Id  Treasurer's  hands  May  14lh.  1890 |  249  26 

Received  from  Secretary.  May  16.  1890,  to  May  15, 1891.     5,717  45  $5,966  71 

Cr, 
Payments  from  May   16,   1890,  to   May   15,   1891.  on 

Warrants  from  Secretary,  Nos.  197  to  266  inclusive  $5,213  77 
Balance  to  New  Account 752  94  $5,966  71 

Balance  on  hand  May  16,  1891 $752  94 

Building  Fund. 
Balance  on  hand  May  15,  1891 $350  00 

Geo.  M.  Phelps, 

Trea9ur€r. 

May  15,  1891. 

Messrs.  Thomas  D.  Lockwood,  Edward  P.  Thompson,  and 
James  Harablet  were  appointed  an  Auditing  Committee  to  ex- 
amine the  accounts  of  the  Treasurer,  and  subsequently  reported 
that  they  were  found  correct. 

It  was  voted  that  S-'>00  from  the  surphis,  together  with  the 
$350  constituting  the  building  fund  be  invested,  and  Treasurer 
George  M.  Phelps  and  Secretary  Ralph  W.  Pope  were  appointed 
Trustees  to  take  charge  of  the  matter. 
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New  York,  Wednesday,  May  20tli,  1891. 


Morning  Session. 

The  Chairman: — [Past-President  W.  A.  Anthony.]  The 
Secretary  has  one  or  two  announcements. 

The  Secretary  : — At  the  Council  meeting  yesterday  afternoon 
the  following  associate  members  were  elected : 

Name.                                                              ,  Address.  Fndorsed  by. 

Assistant  Manager,   with   L.    H.  Henry  Morton. 

Alden,      486      River       Drive,  Wm.  E.  Geyer. 

Passaic,  N.  J.  Jas.  E.  Denton. 

General       Manager,      Municipal  Dr.  Louis  Bell. 

Electric  L.  &  F.  Co.,  322  Pine  M.  D.  Law. 

St.,  St.  Louis,  Mo.  W.  J.  Johnston. 

Electrical  Engineer,  N.Y.  Isolated  F.  C.  Bates. 

Dept.,  Thomson- Houston  Elec-  Jas.  B.  Cahoon 

trie  Co..  65  Columbia   Heights,  J.  P.  B.  Fiske, 

Brooklyn,  N.  Y. 
Electrician    and    Inventor,    1503 

Seventh  Ave  ,  Oakland,  Cal. 


Alden,  James  S. 


Ayer,  James  I. 


Bowman,  Fred  A. 


CoLviLLE,  Frank  C. 


EssicK,  Samuel  V. 


Everest,  Augustine  R. 


Hancock,  L.  M. 


Hewlett,  Edward  M. 


Mason,  Ja.mes  H. 


Electrician,  The  Essick  Printing 
Tel.  Co.,  Yonkers,  N.  Y.,  171 
Broadway,  New  York  City. 

Electrical  Expert,  Thomson  Elec- 
tric VV^elding  Co. ,  Astor  House, 
New  York  City. 

Supt.  of  Construction,  Western 
Electric  Co..  22  Thames  St., 
New  York  City. 

Electrical  Engineer,  Isolated  Dept. 
Thomson-Houston  Electric  Co., 
65  Columbia  Heights,  Brooklyn, 
N.  Y. 

Electrician  and  Supt.,  Mason 
Battery  and  Electrical  Co  ,   120 


Geo   F.  Curtiss. 

.  R.  W.  Pope. 

T.  C.  Martin. 

Chas.  Cuttriss. 

Jos.  Wetzler. 

T.  C.  Martin. 

M.  C.  Sullivan. 

T.  C.  Martin. 

R.  W.  Pope. 

John  E.  Davies. 

Enos  M.  Barton. 

Chas.  A.  Brown. 

F.  C.  Bates. 

Jas.  B.  Cahoon. 

J.  P.  B.  Fiske. 


Park  Ave.,  Brooklyn,  N.  Y. 


T.  C.  Martin. 
Jos  Wetzler. 
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Smith,  Oberlin, 
Squier,  George  O 
Stone,  Charles  A. 

Uehling,  T.  a. 
Wason,  Chas.  W. 


President  and  Mechanical  Engi- 
neer, Ferracute  Machine  Co., 
Lochwold,  Bridgeton,  N.  J. 

Lieut.  U.  S.  A.,  Student  of  Phy- 
sics,  Johns  Hopkins  University, 
Baltimore,  Md.,  Box  243 

Manager  with  E.  S.  Webster, 
Mass.  Electrical  Engineering 
Co.,  4  P.  O.  Square,  Boston, 
Mass. 

Ass't  Supt.  and  Chemist,  U.  S. 
Aluminium  Metal  Co.,  Boon- 
ton,  N.  J. 

Electrical  Engine*»r,  East  Cleve- 
land R.  R.  Co.,  1762  Euclid 
Ave.,  Cleveland,  O. 


Elihu  Thomson. 

Henry  Morton. 

R.  W.  Pope. 

Louis  Duncan. 
W.  F.  C.  Hasson. 
VVm.  J.  A.  Bliss. 

Chas  R.  Cross. 

W.  A.  Anthony. 

E.  S.  Webster. 

Francis  R.  Hart. 

A.  S.  Brown. 

R.  W.  Pope. 

R.  A.  Fessenden. 

F.  B.  Rae. 

E.  P.  Roberts. 

R.  W\  Pope. 


Those  who  have  not  already  registered  will  find  the  register  in 
the  parlor,  and  the  members  and  associates  of  the  Institute  are 
entitled  to  the  Institute  badge  which  has  been  prejiared  for  the 
occasion.  The  inquiry  has  been  made  as  to  the  metal  of  which 
the  badges  are  made— whether  it  was  alium,  aluminium  or  alu- 
minum. I  notice  that  the  producers  say  it  is  aluminium,  and 
that  it  is  over  99  per  cent,  in  purity.  An  alloy  of  this  might  have 
been  used  which  would  have  made  a  whiter  metal,  but  it  was 
thought  best  to  have  it  as  pure  as  possible  in  order  to  show  ex- 
actly what  the  metal  is. 

Pbof.  Anthony: — I  am  very  happy  at  this  time  to  resign  the 
position  of  presiding  oflScer  to  Vice-President  Lockwood,  and  I 
will  ask  him  to  take  the  chair. 

Mr.  Lookwood  on  taking  the  chair  said : — Gentlemen  of  the 
American  Institute  of  Electrical  Engineers:  It  is  my  first  duty, 
as  well  as  my  first  privilege,  to  request  the  Institute  to  join  with 
me  in  expressing  the  appreciation  and  acknowledgements  which 
I  am  sure  we  all  feel  when  we  consider  the  dignified,  impartial 
and  urbane  manner  in  which  our  late  President  has  presided  over 
our  deliberations  during  the  year  which  has  just  concluded.  As 
a  member  of  the  Council  and  Institute  I  can  only  say  that  I  have 
been  profoundly  impressed  with  the  ability  with  which  he  has 
conducted  our  deliberations,  and  with  the  fairness  which  has 
characterized  his  every  action  and  word.  I  am  sure  that  there 
will  be  no  dissenting  voice  when  I  propose  a  very  hearty  and 
cordial  vote  of  thanks  to  Professor  Anthony,  our  retiring  presi- 
dent. 

Mr.  Hammer: — I  take  pleasure  in  seconding  the  motion. 

The  Ciiatrmax  : — It  is  moved  and  secondedi^tljajt^gi  ^^jjgW^te 
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of  thanks  be  presented  to  Professor  Anthony  for  his  labors  in 
behalf  of  the  Institute  for  the  past  year. 

The  Seorbtaby  : — I  wish  to  add  that  the  record  of  the  Presi- 
dent who  has  jnst  passed  ont  of  office,  in  attendance  to  duty  has 
been  equal  to,  and  possibly  surpasses,  all  previous  records.  He 
has  missed  no  meeting  of  the  Institute  during  his  term  of  office. 
[Applause.] 

The  Chairman  : — Those  who  are  in  favor  of  the  vote  of  thanks 
as  proposed  and  seconded,  will  please  say  aye — contrary,  no.  It 
is  unanimously  carried.  The  Secretary  will  spread  the  vote  upon 
the  record. 

Gentlemen,  in  presiding  over  the  proceedings  of  the  Institute 
to-day,  I  have  cause  to  realize  that,  while  I  am  not  afraid  to  fill 
the  shoes  of  most  men,  I  am  quite  unequal  to  filling  the  shoes  of 
the  President  you  have  elected.  I  may,  perhaps,  be  able  to 
rattle  around  in  them  in  a  way  to  satisfy  the  ordinary  observer. 

I  can,  I  think,  congratulate  the  Institute  in  having  selected  as 
its  President  for  the  year  to  come,  a  gentleman  who  will  do  honor 
to  the  Institute  and  who,  in  turn,  feels  himself  very  much 
honored,  and  who  is  gratified  in  being  selected  as  your  President. 
I  have  great  hopes  that  very  frequently  he  will  be  here  himself 
to  fill  this  Chair,  and  I  am  sure  he  will  fill  it  acceptably  to  every 
one  of  us. 

I  desire  further  to  say  that  it  is  a  position  of  very  great  honor 
indeed.  The  time  has  been^in  the  past  when  it  was  a  position  of 
more  responsibility  and  labor  than  of  apparent  honor,  and  yet  it 
seems  to  me  that  those  gentlemen  who  readily  came  to  the  front 
in  times  when  we  were  weak,  when,  upon  one  occasion  as  I  un- 
derstand, there  were  but  four  members  at  the  annual  meeting; 
when,  upon  other  occasions,  it  was  hard  to  get  a  quorum  even  at 
the  collation  which  came  between  the  morning  and  afternoon 
sessions,  I  think  all  honor — although  the  position  does  not  seem 
to  involve  any — ^is  due  to  those  gentlemen.  But  at  the  present 
time  it  is  not  only  a  national  but  an  international  honor  to  be 
elected  as  President  of  this  Institute,  for  the  Institute,  while 
comparatively  small  in  numbers — not  having  yet  attained  its  six 
hundredth  member — is  not  insignificant,  when  we  consider  the 
qualifications  of  the  members,  the  ability  of  the  papers  which 
have  been  presented  in  the  past  year  and  the  equal  and  corre- 
sponding ability  of  the  discussions  which  have  been  had  upon 
them.     And  so  I  have  no  hesitation  in  retuiip||^  ij^Ug^X^l^foK^ 
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Professor  Bell  for  the  honor  which  has  been  conferred  upon  him 
[Applause.] 

By  reference  to  the  programme  for  the  morning  session  it  will 
be  found  that  the  paper  to  be  delivered  first  is  '•  On  the  Devel- 
opment of  tlie  Dynamo,"  by  Prof,  Harris  J.  Ryan,  of  Cornell 
University.  I  am  informed  by  the  Secretary  that  Prof.  Ryan 
has  not  been  able  to  fully  prepare  his  paper.  Consequently  the 
first  upon  the  list  will  now  be  read  by  Prof  Francis  B*  Crocker 
upon  "The  Perfection  of  Stationary  Electric  Motors." 

Prof.  Crocker  : — I  place  before  you  a  sample  of  a  small  motor 
upon  which  I  propose  to  base  this  discussion,  as  an  object  lesson, 
not  only  to  the  audience  but  to  myself. 

Prof.  Crocker  then  read  the  following  paper : 
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THE  PERFECTION   OF  STATIONARY  ELECTRIC 

MOTORS. 


BY    FRANCIS    B.    CROCKER. 


Introduction'. 
A  STUDY  of  the  history  of  tlie  electric  motor  shows  us  that  from 
tlie  very  beginning  to  tlie  present  time  there  has  been  a  great 
tendency  toward  complicated,  fanciful  and  unpractical  designs, 
including  outlandish  forms  of  field  magnets  and  unnecessary 
multiplicity  of  field  cores  and  coils.  In  most  cases  also  the  me- 
chanical construction  has  been  very  bad,  the  shaft  being  too 
small,  the  bearings  being  weakly  supported  and  the  general  fin- 
ish and  workmanship  being  rough  and  not  up  to  the  standard  of 
first-class  machinery.  From  the  electrical  standpoint  the  insula- 
tion has  been  very  poor,  and  shares  equally  with  imperfect 
mechanical  construction,  the  responsibility  for  the  numerous 
troubles  and  failures  which  have  occurred  with  electric  motors. 
The  magnetic  circuit  of  motors  has  also  been  designed  in  a  way 
that  indicates  entire  ignorance  6i  the  laws  governing  the  produc- 
tion of  a  strong  magnetic  field.  In  all  these  respects  the  electric 
motor  has  been  worse  than  the  contemporaneous  dynamo- electric 
machine,  the  reason  being,  I  think,  that  the  men  who  have  studied 
and  designed  the  dynamo  have  been  more  competent  than  those 
who  have  turned  their  attention  to  the  electric  motor,  electric 
power  being  comparatively  a  more  recent  development  of  elec- 
tricity than  electric  lighting.  There  have  been,  of  course,  nota- 
ble exceptions  to  the  general  badness  of  motor  design  and  con- 
struction, but  in  the  case  of  all  of  these  exceptions,  which  are  few, 
I  think  it  will  be  found  that  the  superiority  of  the  motor  in  each 
particular  case  was  directly  due  to  the  presence  of  an  electrical 
engineer  of  recognized  ability.  L)ig,t,zed  by  ^v^^gLw 
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Electric  motors  are  used  for  three  different  clasees  of  work. 
First,  transmission  of  power  over  considerable  distances,  for  ex 
ample  from  Niagara  Falls  to   Buffalo ;   second,  distribution  of 
power,  for  example  in  a  district  of  a  city  from  a  central  station; 
and  third,  electric  railway  work. 

The  first  of  these  classes  of  work  usually  requires  large  motors, 
over  60  or  100  horse-power;  the  second  requires  comparatively 
small  motors,  ranging  between  ^  and  10  horse-power;  the  third 
requires  motors  from  20  to  100  horse-power  and  a  peculiar  con- 
struction adapted  to  their  special  purpose.  I  purpose  to  consider 
in  this  paper,  motors  of  the  second  class  for  distribution  of  power 
especially. 

It  has  long  been  my  opinion  that  the  proper  way  to  design  a 
good  electric  motor  is  to  consider  very  carefully  and  systematic- 
ally each  part,  first  by  itself,  and  then  with  reference  to  the 
other  parts,  and  thus  collect  and  build  up  the  elements  which  are 
best  not  only  in  themselves,  but  also  in  combination  with  each 
other,  so  that  finally  by  putting  and  fitting  these  parts  together 
with  the  best  possible  workmanship,  the  best  result  will  certainly 
be  obtained.  The  correctness  of  this  procedure  is  so  self-evident 
that  it  seems  hardly  necessary  to  uphold  it.  but  every  one  famil- 
iar with  electric  designing  of  all  kinds  will  admit  that  the  usual 
process  has  been  to  invent  some  peculiar  form  of  armature  or 
field,  and  then  attempt  to  fit  the  rest  of  the  machine  to  this  par- 
ticular part,  producing  all  sorts  of  anomalous  and  awkward  con- 
structions. It  will  also  be  admitted  that  experience  has  taught 
us  that  the  simpler  ard  less  extraordinary  forms  of  machine  have 
usually  been  more  successful.  In  fact,  I  believe  there  is  no  kind 
of  electrical  apparatus  in  which  sensationalism  in  design  has  been 
successful,  except  ])erhap8  in  arc  light  dynamos.  Let  us  now  take 
up  the  various  parts  of  the  electric  motor  and  consider  each  as  a 
simple  problem  in  designing. 

Base. 

This  should  be  a  solid  iron  casting,  fiat  and  simi)le  in  form  and 
resting  directly  and  squarely  upon  the  base  frame  or  floor,  which 
latter  should  preferably  be  of  wood  to  secure  insulation.  The 
base  should  be  heavy  to  bring  the  centre  of  gravity  low ;  in  fact, 
this  is  the  only  part  of  tlie  machine  where  weight  is  not  only 
not  objectionable,  but  very  beneficial,  and  since  it  is  merely  of 
plain  oast  iron  the  extra  cost  is  insigniiicant.     A  heavy  base  decs 
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more  than  anything  else  to  give  great  stability  and  strength  to 
the  whole  machine,  and  is  highly  desirable  in  a  stationary  motor. 
The  bearings  should  be  directly  and  rigidly  mounted  upon  this 
base,  a  simple  fact  that  is  often  disregarded. 

Field  Magnets. 

The  field  magnet  should  be  bipolar  except  in  the  larger  ma- 
chines, above  lo  horse-power,  on  account  of  the  great  complica- 
tion caused  by  the  increased  number  of  armature  sections,  com- 
mutator bars,  field  coils,  etc.,  necessary  in  multipolar  machines, 
and  the  narrowness  of  the  neutral  or  non-sparking  space  on  their 
commutators  ;  for  example,  multiple  brushes  or  cross-connected 
armatures  are  particularly  objectionable  in  small  machines. 
The  field  should  also  be  a  single  magnetic  circuit  rather  than  the 
consequent  pole  type,  because  the  former  is  more  economical  in 
wire  and  current  required.  For  example,  one  turn  of  wire  around 
a  7  in.  core  is  equivalent  to  the  two  turns  of  wire  around  two  5 
in.  cores,  the  cross-section  of  one  7  in.  core  being  nearly  equal  to 
that  of  two  5  in.  cores,  whereas  the  length  of  wire  is  only  70  per 
cent,  as  much  with  the  single  core.  In  other  words,  a  single  cir- 
cuit requires  only  70  per  cent,  of  the  weight  of  wire  and  70  per 
cent,  of  the  energy  of  magnetization  that  is  required  by  a  double 
magnetic  circuit.  A  triple  magnetic  circuit  or  quadruple  mag- 
netic circuit — that  is,  three  or  four  cores  magnetically  in  mutiple 
arc,  are  still  more  objectionable,  requiring  about  twice  as  much 
wire  as  a  single  core  of  the  same  total  cross  section. 

The  field  magnet  may  be  arranged  with  respect  to  the  base  de- 
scribed above  in  three  general  wnys:  First,  the  pole  pieces  may 
be  set  upon  the  base  (Edison  type) ;  this  form  requires  noi> 
magnetic  material,  usually  a  zinc  plate,  to  be  interposed  to  pre- 
vent magnetic  short-circuiting  through  the  iron  of  the  base;  even 
with  a  zinc  plate  Hopkinson  found  10.8  per  cent,  magnetic  leak- 
age through  the  base  of  the  Edison-Hopkinson  dynamo. 

Second,  the  iron  base  may  form  one  of  the  pole  pieces  (Man- 
chester type).  This  is  also  objectionable  on  account  of  the  greatly 
increased  magnetic  leakage,  which  is  practically  proportional  to 
the  surface  exposed  to  the  air,  and  the  extension  of  the  base  nec- 
essary for  the  bearings,  etc.,  greatly  increases  this  surface  and  also 
allows  the  magnetism  to  leak  up  into  the  shaft,  pulley,  etc.,  caus- 
ing various  troubles.  This  form  has  the  further  objection  that 
it  is  of  the  consequent  pole  type,  tlie  disadvantage  of  which,Tl 
have  just  pointed  out.  '  ^'^'^"^^  ^'  ^^^^IC 
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Third,  the  iron  base  may  form  the  yoke  of  the  field  magnet 
with  the  cores  and  pole  pieces  extending  upward  (Kapp  or  *'  in- 
verted horsephoe ''  type).  This  plan  has  neither  the  leakage  cor 
other  faults  of  the  other  forms  and  possesses  the  great  advan- 
tage that  the  pole  pieces  are  removed  as  far  as  possible  from  the 
biuse,  bearings,  etc.,  thereby  avoiding  magnetic  leakage ;  and  the 
base  being  purposely  made  heavy  for  stability  and  strength,  as 
already  stated,  is  therefore  exactly  suited  to  being  used  as  the 
yoke,  thus  performing  two  functions  to  the  best  advantage. 
There  is,  moreover,  no  objection  to  using  a  cast  iron  base  as  the 
yoke  to  complete  the  magnetic  circuit,  since  the  heavy  base  I 
have  insisted  upon  is  of  large  cross-section  and  therefore  of  ample 
magnetic  permeance  and  the  increased  size  of  the  iron  yoke  does 
not  aggravate  the  magnetic  leakage  because  it  is  magnetically 
neutral.  The  field  cores  should  be  of  wrought-iron  because  the 
field  wire  surrounds  them  and  the  use  of  cast-iron,  which  is  of 
low  permeability,  would  require  a  core  of  almost  twice  the  cross- 
section  and  therefore  a  much  greater  length  of  wire  to  obtain  the 
necessary  magnetizing  force.  With  the  smaller  wrought  cores 
the  magnetic  leakage  would  also  be  less.  The  pole  pieces  should 
also  be  wrought-iron  to  reduce  their  size  and  therefor  their  mag- 
netic leakage,  they  being  at  the  highest  magnetic  potential  of  any 
part  of  the  machine.  In  regard  to  magfietic  leakage,  I  would  call 
attention  to  the  fact  that  it  is  objectionable  not  only  on  account 
of  wasting  lines  of  force,  but  because  it  affects  electrical  instru- 
ments, watches,  etc.,  in  a  very  troublesome  manner. 

The  field  magnet  cores  and  pole  pieces  being  preferably  of 
wrought-iron,  the  question  of  uniting  them  to  the  base  and  to 
each  other  next  arises.  Since  any  considerable  fitting  or  working 
of  wrought-iron  is  diflicult  and  costly,  the  best  solution  of  this 
problem  certainly  seems  to  be  to  forge  (/.  e,,  drop-forge)  the  core 
and  pole  piece  in  one  piece.  This  ako  permits  the  bore  or  space 
for  the  armature  to  be  perfectly  formed  at  the  same  time.  In 
connecting  these  cores  to  the  cast-iron  base,  it  is  practically  essen- 
tial to  set  them  into  it  in  order  to  get  suflicient  contact  and 
strength ;  since  the  ordinary  butt  joint  between  wrought  and 
<;ast-iron,  limits  the  magnetic  conductivity  almost  as  much  as  if 
•cast-iron  were  used  throughout.  This  method  of  putting  the 
magnetic  circuit  together  reduces  the  work  of  fitting  wrought- 
iron  to  a  minimum,  which  work  is  the  only  objection  to  the  use 
of   wrouo:ht-iron.     The  supposition  that  cast  iron  is  cheaper  than 
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wrought  for  magnets  is  a  fallacy,  as  its  permeability  is  as  much 
below  that  of  wrought-iron  as  is  its  price,  both  being  about  one- 
half. 

Field  Coils. 

These  should  of  course  be  perfectly  insulated,  a  result  which 
can  be  accomplished  with  certainty  by  winding  them  on  a  solid 
spool  of  material  which  is  fire  and  water-proof  and  highly  insu- 
lating. These  spools  should  never  be  made  of  material  that 
softens  by  accidental  heating  of  the  wire,  as  this  would  allow  the 
wire  to  cut  through  and  make  a  "ground"  on  the  core,  which  is 
just  what  the  spool  should  prevent  I  have  tested  spools  of  this 
kind  which  cut  like  cheese  when  a  wire  heated  by  a  current  was 
applied  to  them,  this  being  a  very  effective  method  of  testing  this 
point. 

Armature. 

In  regard  to  the  choice  between  the  ring  and  drum  forms  of 
armature,  the  advantage  of  the  drum  is,  that  it  is  easy  to  support 
mechanically,  but  it  is  difficult  to  wind,  as  the  wire  is  apt  to  slip 
out  of  place  and  heap  out  on  the  ends  of  the  drum,  and  more 
serious  than  anything  else  is  the  fact  that  the  wires  of  a  great 
difference  of  potential  cross  or  approach  very  near  each  other, 
causing  great  liability  to  shoit  circuit.  The  ring  armature  is 
somewhat  hard  to  support  mechanically,  but  the  winding  does 
not  tend  to  slip  out  of  place  or  pile  out  on  tlie  ends,  and  wires  of 
the  greatest  difference  of  potential  come  at  the  greatest  distance 
apart — that  is,  on  opposite  sides  of  the  armature.  This  is  of  the 
utmost  importance  in  the  case  of  high  voltage  machines.  In  the 
case  of  large  ring  armatures  or  those  with  few  turns  of  wire  there 
is  little  trouble  in  winding,  but  in  the  case  of  the  small  ring  ar- 
matures or  where  a  great  number  of  turns  of  wire  are  used,  the 
ring  should  be  split  in  halves  to  facilitate  winding,  and  put  to- 
gether afterward  when  wound. 

Toothed  Armature. 

The  armature  should  have  teeth  or  projections  upon  it  in  order 
to  secure  the  following  advantages : 

First,  to  reduce  the  reluctance  of  the  magnetic  circuit  and  the 
weight  of  wire  and  energy  of  current  required  to  magnetize  it. 

Second,  to  hold  the  wires  in  place  and  prevent  them  slipping 
tangentially  on  the  core,  the  tendency  to  which  is  much  greater 
than  is  usually  supposed,  there  being  a  tangential  pull  of  about 
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160  lbs.  on  the  wires  of  a  10  horse-power  armature  8  in.  in  diam- 
eter running  at  1,000  r.  p.  m. 

Third,  the  teeth  protect  the  wires  from  mechanical  injury, 
since  any  blow  or  pressure  which  the  armature  receives  comes 
upon  them,  instead  of  upon  the  armature  wire  which  is  very  easily 
injured  and  the  machine  thereby  ruined. 

Trapezoidal  Tooth  Armature. 
A  certain  form  of  teeth  I  liave  found  to  possess  decided  ad- 
vantages over  the  ordinary  parallel-sided  teeth  and  slots  hereto- 
fore used.  This  form  of  teeth  is  considerably  wider  at  the  top 
than  at  the  bottom  which,  of  course,  makes  between  the  teeth  a 
slot  which  is  wider  at  the  bottom  than  at  the  top.  This  shape  of 
tooth  and  slot  has  the  following  additional  advantages  over  those 
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of  the  ordinary  toothed  arniature  :  First,  the  wire  is  more  com- 
pletely held  in  place,  being  held  against  centrifugal  force  as  well 
as  against  tangential  force ;  second,  the  wire  is  also  more  per- 
fectly protected  mechanically,  since  it  is  almost  entirely  sur- 
rounded by  iron ;  and  third,  the  armature  presents  an  almost 
unbroken  magnetic  surface  to  the  pole  pieces,  thereby  reducing 
to  a  minimum  the  reluctance  of  the  air-spaces  in  the  magnetic 
circuit  and  the  m  ignetic  leakage,  and  avoiding  Foucault  currents 
and  loss  of  energy  in  the  pole  pieces.  This  trapezoidal  form  of 
slots  and  teeth  can  be  still  further  taken  advantage  of  by  giving 
the  former  a  shape  which  exactly  agrees  with  the  form  of  a  sec- 
tion of  winding  on  the  inside  of  the  ring,  as  shown  in  Fig.  1,  the 
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interior  spaces  for  winding  being  divided  into  the  necessary  num- 
ber of  sections  by  radial  lines.  This  exact  conformity  between 
the  inside  and  outside  of  the  winding  makes  a  perfectly  symmet- 
rical coil  with  no  tendency  for  a  single  turn  of  the  wires  to  cross 
at  any  point,  and  the  coils  on  the  inside  occupy  the  whole  space 
with  the  greatest  possible  advantage,  whereas  ordinarily  the  in- 
terior of  the  ring  is  liable  to  be  overcrowded  with  wires.  The 
trapezoidal  form  of  slot  is  particularly  economical  as  regards 
winding,  for  the  reason  that  there  are  a  greater  number  of  turns 
in  the  inner  layers  which  are  shorter,  and  fewer  turns  in  the  outer 
layers  which  are  longer,  as  shown  in  Fig.  1.  The  armature  teeth 
make  it  easy  to  support  the  ring  perfectly,  since  the  bolts  for 
carrying  it  may  pass  through  the  teeth  without  interfering  with 
the  winding.  These  bolts  being  held  at  the  two  ends  by  brass 
spiders  or  supports,  make  a  very  strong  and  convenient  means 
of  mounting  the  ring  upon  the  shaft,  and  thereby  overcome  the 
objection  to  the  ring  armature.  In  the  trapezoidal  form  of  teeth 
which  I  have  described  there  is  even  more  sj)ace  than  in  the  or- 
dinary form  of  teeth  for  the  bolt  holes,  and  in  this,  larger 
bolts  and  stronger  support  can  be  obtained.  The  perfect  insula- 
tion  of  the  armature  core  is  of  the  utmost  importance.  The  best 
material  and  the  most  complete  covering  should  be  used  and  the 
greatest  possible  care  should  be  exercised  to  avoid  short-circuit?, 
"  grounds,"  or  broken  wires. 

EFFICIE^XY. 

This  should,  of  course,  be  as  high  as  possible  and  is  made  a 
maximum  by  reducing  all  elements  of  loss  as  far  as  possible 
These  losses  are  :  Current  to  magnetize  field,  loss  due  to  arma- 
ture resistance,  friction  resistance  of  air,  Foucault  currents  and 
hysteresis.  It  has  always  seemed  to  me  that  the  efficiency  is  nec- 
essarily high  if  the  machine  is  properly  constructed,  and  if  the 
efficiency  is  low  it  must  be  due  to  some  loss,  which  is  more  objec- 
tionable in  itself  than  because  it  involves  a  reduction  in  efficiency 
because  this  loss  must  necessarily  manifest  itself  in  the  form  of 
heat  in  some  part  of  the  machine ;  for  example,  the  field  coils, 
armature  or  bearings.  This  heat  is  liable  to  do  more  harni  by  its 
direct  effect  upon  the  heated  parts,  causing  a  burn-out  or  char- 
ring of  insulation  in  the  winding  or  cutting  of  the  bearings,  and 
any  effect  of  this  kind  is  much  more  serious  than  the  inefficiency 
from  which  it  results.     The  same  fact  can  be  expressed  in  an- 
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other  way,  by  stating  that  if  a  machine  can  be  run  for  one  or  two 
hours  at  full  load  without  any  part  becoming  overheated,  theeflS- 
ciency  of  that  machine  must  be  high  unless  the  machine  is  very 
large  and  heavy  for  its  power,  in  which  case  the  surface  for  radi- 
ation and  conduction  would  be  great.  This  fact  is  more  absolute 
than  any  eflSciency  test  can  possibly  be,  and  very  small  losses 
which  an  efficiency  test  might  not  disclose  would  be  indicated  by 
local  heating  if,  for  example,  the  effects  are  allowed  to  accumu- 
late for  a  half-hour  of  steady  rumiing. 

The  Motor  as  a  Whole. 
I  can  best  illustrate  the  foregoing  statements  and  recommenda- 


FiG.  2. — Ckocker  Whekler  Motor. 


tions  by  describing  the  set  of  electric  motors  designed  by  Dr.  S. 
S.  Wheeler  and  myself.  They  were  developed  by  precisely  the 
same  process  of  reasoning  as  that  given  in  this  paper.  Fig  2 
shows  the  general  view  of  the  motor ;  each  of  the  parts  and  the 
putting  together  of  the  whole  follows  exactly  the  statements  I 
have  already  made,  and  it  is  therefore  only  necessary  to  call  atten- 
tion to  a  few  points. 

The  fields  are  put  together  according  to  a  method  illustrated  in 
Fig.  3,  which  consists  in  drop-forging  the  core  and  pole  piece 
in  one  piece  and  exactly  to  shape;    then  mounting  it  upon  la 
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holder  in  such  a  way  that  the  ends  of  the  cores  are  trimmed  with 
exact  reference  to  the  armature  bore,  and  holes  being  bored  in 
the  cast-iron  base  tlie  proper  distance  apart,  the  cores  are  set  into 
it  to  the  depth  they  are  trimmed  off  and  produce  a  space  for  th 
armature  exactly  suited  to  it.  This  is  much  simpler  than  fitting 
the  field  magnets  and  base  together  and  then  boring  out  the  ar- 
mature space,  the  operation  of  boring  being  a  slow  one  and 
requiring  heavy  machinery.  Tlie  field  cores  set  into  the  base  are 
shown  in  the  skeleton  drawing,  Figs.  4  and  4a. 

The  magnetic  circuit  produced  by  this   method   is   excellent. 
In  the  first  place,  there  arc  only  two  joints  and  these  are  of  very 


Fig.  2a.— Crockee-Wheeler  Motor. 

large  surface  and  fit  very  perfectly,  being  where  the  cores  fit 
into  the  base.  The  surface  of  contact  of  each  of  these  joints  is 
about  four  times  the  cross-section  of  the  core  and  therefore  about 
twice  the  cross-section  of  the  equivalent  cast-iron.  The  core  and 
pole  piece  being  made  integral,  avoids  any  joint  between  them 
as  well  as  any  necessity  for  expensive  work  in  fitting  them  to- 
gether. In  fact,  the  only  machine  work  required  in  fitting  the 
fields  to  the  base  is  simply  trimming  off  superficially  the  ends  of 
the  cores  and  reaming  the  two  holes  in  the  cast-iron  base,  these 
holes  being  cored  out  in  the  casting.  ^r\n\o 
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The  armature  is  made  with  trapezoidal  teeth,  as  shown  in  Fig. 
1,  and  having  an  almost  unbroken  surface  of  large  extent  exposed 
to  the  pole  piece  with  a  clearance  of  only  one-sixteenth  of  an 
inch,  the  magnetic  reluctance  of  the  air  gap  is  reduced  to  the  low- 
est possible  value.  This  exceedingly  low  reluctance  of  the  magnetic 
circuit  reduces  the  amount  of  wire  required  to  excite  the  field  to 
such  an  extent  that  only  very  short  field  coils  and  cores  are 
needed,  being  only  about  one-third  or  one  quarter  of  the  length 
required  with  armatures  having  no  teeth  and  the  ordinary  air 


gaps  in  the  magnetic  circuit.  This  small  quantity  of  wire  on  the 
field  amounts  to  only  twelve  pounds  in  a  3  horse-power  machine 
and  sixteen  pounds  in  a  5  horse-power  machine.  It  has  not  only 
the  advantage  in  economy  of  wire,  but  also  makes  the  machine 
very  eflScient  as  regards  current  consumed  in  the  field,  being  less 
than  two  per  cent,  in  the  two  machines  referred  to.  The  reduc- 
tion of  field  wire  and  length  of  coil  required,  is  particularly 
important  in  bringing  the  shaft  of  the  machine  down  suflSciently 
near  the  floor  to  give  the  machine  stability  and  steadiness  in  run- 
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ning.  In  fact,  the  only  objection  to  the  "  inverted  horseshoe  " 
type  of  field  is  that  heretofore  it  has  involved  the  use  of  long 
field  coils  which  brought  the  shaft  almost  twice  as  high  above  the 
base  as  it  is  desirable  to  have  it,  giving  a  topheavy  and  unsteady 
result.  In  the  type  of  motor  described,  the  shaft  centre  is  less 
than  a  foot  from  the  floor  in  the  3  horse-power  size,  and  is  just 
about  the  proper  height  to  make  the  pulley,  belt,  gear  wheels  or 
other  mechanical  connections  clear  the  floor  and  have  suflScient 
room  to  work  properly.  This  complete  overcoming  of  the  here- 
tofore serious  objection  to  the  "  inverted  horseshoe  "  type  makes 
a  thoroughly  satisfactory  field  construction  without  any  of  the  dis- 
advantages of  all  the  other  forms. 


The  actual  results  obtained  from  these  motors,  which  of  course 
is  the  most  important  and  conclusive  thing  to  know,  are  given 
in  the  following  table  and  include  the  various  mechanical,  elec- 
trical and  magnetic  constants  of  the  machine.  All  the  sizes  of 
this  type  of  motor  are  made  almost  exactly  the  same  in  design, 
proportions  and  construction  and  differ  only  in  scale,  hence  a  de- 
scription of  one  machine  applies  to  all,  with  proper  allowance  for 
the  difference  in  size. 

Data  of  3  horse-power  Crocker-Wheeler  motor,  designed  for 
115  volt  constant  potential  circuit :  \r\n\o 
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Total  weight 350 

Weight  of  field  wire  (No.  24,  a.  w.  o.) 12 

Weight  of  armature  wire  (No.  13,  a.  w.  o.) 11 

Resistance  of  field 310 

Resistance  of  armature 

E.  M.  F.  of  circuit    115. 

Total  current  at  full  load 21 

Current  used  to  excite  field 

Percentage  of  current  used  in  field 

Total  current  required  to  run  free 1 

Percentage  of  total  energy  to  run  free 

Commercial  efllciency 

Armature  speed 975. 

Total  magnetic  leakage  or  waste  lines  of  force 

Magnetic  efficiency  =  Lines  through  armature 
Total  lines  of  force 


lbs. 

lbs. 

lbs. 

ohms 

ohms 

volts 
.3    amps. 
.87  amp. 
.015 

.9    amps. 
08 
,80 

r.p.m. 
17 


The  above  data  for  the  most  part  explain  themselves,  but  I 
desire  to  call  attention  to  several  particularly  interesting  points. 

The  weight  of  field  wire  is  extremely  small,  being  only  12  lbs., 
compared  with  about  40  to  50  lbs.  in  most  machines  of  this  size. 
I  jictually  found  the  weight  of  field  wire  to  be  60  lbs.  in  a  type 
of  motor  of  equal  capacity,  which  is  claimed  to  have  the  best 
possible  magnetic  circuit. 

The  table  also  shows  the  current  used  in  the  field  to  be  only 
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1^  per  cent.,  which  is  remarkably  low  for  machines  of  this  size, 
which  usually  require  about  5  per  cent. 

The  current  required  to  run  free,  at  full  speed,  is  also  excep- 
tionally small,  being  only  8  per  cent. 

The  commercial  efficiency  is  high  for  a  motor  of  this  size,  par- 
ticularly when  the  very  low  speed  is  considered,  because  an 
increased  n  amber  of  turns  of  wire  on  the  armature  is  required  to 
make  up  for  the  reduced  speed,  and  this  augments  the  armature 
resistance  and  causes  loss.  The  efficiency  does  not  vary  more 
tlian  about  1  per  cent,  from  half  to  full  load,  which  is  quite  an 
interesting  fact. 

The  speed,  it  will  be  noticed,  is  very  low  for  this  size  of 
machine. 

The  magnetic  leakage  or  loss  of  lines  of  force  is  extraordinarily 
small,  amounting  to  only  17  per  cent,  and  giving  what  may  be 
properly  called  a  magnetic  efficiency  of  83  per  cent. 

This  small  magnetic  leakage  is  due  to  the  facts  already  stated 
in  this  paper  in  regard  to  the  design  of  the  field  magnets.  In 
this  connection  it  should  be  remembered  that  Hopkinson  in  his 
classical  investigations  of  the  magnetic  circuit  found  that  there 
was  24.24  per  cent,  magnetic  leakage  in  the  Edison-Hopkinson 
machine.  I  may  also  state  that  Mr.  A.  S.  Ives,  student  in  Elec- 
trical Engineering  at  Columbia  College,  found  40  per  cent,  leak- 
age in  a  well-known  dynamo  (400  light)  of  a  recent  though  not 
the  very  latest  type. 

In  conclusion,  I  would  state  that  it  is  obviously  impossible  in 
one  paper  of  reasonable  length,  to  completely  treat  the  subject 
of  motor  design,  but  I  have  attempted  to  bring  out  the  most  im- 
portant points  and  lay  before  the  Institute  the  best  results  of 
considerable  study  and  experimental  work  on  the  part  of  Dr. 
Wheeler  and  myself  in  the  direction  of  improving  and  perfect- 
ing the  design  and  construction  of  stationary  electric  motors. 

There  is  one  single  merit  in  the  paper  to  which  I  lay  claim, 
and  that  is  the  fact  that  the  ideas  I  have  advanced  are  embodied 
in  a  large  number  of  actual  working  machines  which  are  open  to 
any  one  for  examination  and  criticism,  whereas  the  design  of 
electric  motors  is  usually  given  on  paper  only  and  is  therefore 
Y&ry  intangible  and  correspondingly  safe  so  far  as  the  author  is 
concerned. 
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Discussion.^ 

The  Chairman  : — Gentlemen,  you  have  all  heard  this  very 
practical  and  instructive  paper  of  Prof.  Crocker's  and  since  great 
pains  have  been  taken  to  print  the  papers  beforehand,  or  at  all 
events  so  many  of  them  as  we  have  been  able  to  get  hold  of,  it  is 
evident  that  most  of  you  must  have  read  it  and  that  therefore 
the  "  reluctance  "  and  "  impermeability  "  of  our  magnetic  ci  r- 
cuits,  which  is  usually  so  prevalent  on  occasions  of  this  kind,  will 
not  prevail  to  the  customary  extent.  We  may  expect  therefore 
to  hear  a  very  liberal  and  full  discussion,  and  remarks  are  now 
in  order. 

Pkof.  Anthony  : — I  would  like  to  say  just  one  word  in  regard 
to  what  Prof.  Crocker  has  said  in  reference  to  joints  in  the  neld 
magnet.  He  certainly  has  not  laid  too  much  stress  upon  obtain- 
ing a  large  surface  of  contact  between  the  wrought  and  cast-iron 
in  forming  a  joint,  and  even  in  making  a  joint  between  two 
wrought-iron  pieces  it  seems  to  me  that  a  large  surface  of  contact 
is  needed  also,  for  when  we  come  to  consider  the  matter  any 
amount  of  machine  work  that  it  is  practical  to  do  economically 
does  not  produce  anything  like  the  surface  of  contact  that  you 
would  have  in  a  field  magnet  made  up  of  one  piece.  For  in- 
stance, suppose  the  pole  piece  and  the  core  were  united  by  means 
of  a  joint — I  venture  to  say  that  with  any  joint  that  you  could 
make  tliere  — that  it  would  be  practical  to  make  there  economic- 
ally— that  is,  with  any  amount  of  work  you  could  afford  to  spend, 
you  would  not  have  one-quarter  of  tlu»  surface  of  contact  between 
the  two  metals  that  you  have  when  you  make  it  of  a  solid  piece. 

Mr.  a.  Langstaff  Johnston: — My  experience  has  been  in 
street  railroad  work,  and  I  would  like  to  inquire,  if  the  same 
laws  would  hold  good  •  in  track  connections.  For  instance,  the 
contractor  used  a  No.  6  wire,  connecting  it  with  a  T  rail.  I  con- 
demned it  for  the  reason  that  the  surface  was  not  equal  to  the 
size  of  the  wire,  tlie  metal  being  so  thin. 

Prof.  Crocker  : — It  was  simply  a  question  of  contact,  but 
electrical  contact  is  a  very  different  matter  from  magnetic  con- 
tact, because  we  have  no  electrical  saturation.  Cast-iron  will 
practically  prevent  lines  of  force  from  going  throujph  it  at  a 
point  about  60  per  cent,  as  high  as  the  saturation  01  wrought- 
iron.  Therefore  a  butt  joint  between  cast  and  wrought-iron 
actuallv  limits  the  number  of  lines  of  force  to  60  per  cent,  of 
what  the  wrought  iron  would  carry.  Whereas  in  electrical  con- 
ductivity we  have  no  such  fact.  It  simply  introduces  resistance, 
but  does  not  actually  shut  off  the  effect.  Therefore  this  fact  is 
particularly  important  in  magnetic  joints  because  we  have  mag- 
netic saturation — a  practically  fixed  limit,  which  we  do  not  have 
in  electrical  conductivity.     Where  it  is  simply  a  question  of  elec- 

1.  By  Messrs.  Anthony.  A.  L.  Johnston,  Crocker,  Hammer,  E.  P  Thomp- 
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tiical  contact  of  metals  the  usual  rule  is  that  the  surface  of  con- 
tact should  be  several  times  the  cross-section  of  the  conductor. 
If  a  soldered  joint,  it  ought  to  be  8  or  4  times ;  if  a  rough  joint 
where  the  surface  is  oxidized,  it  might  require  as  much  as  10 
times.     Was  it  a  tight  fit  in  the  case  mentioned  ? 

Mr.  Johnston  : — Yes.  sir ;  driven  in  with  a  hammer  on  the 
side. 

Prof.  Cbockkk: — It  is  hard  to  fix  exact  limits,  particularly 
when  the  nature  of  the  surface  is  not  known  and  may  be  oxi- 
dized or  not, 

Mr.  Johnston  :— Consider  that  the  surfaces  are  bright  \ 

Prof.  Crocker  : — I  should,  without  considering  particuLirly, 
say  that  the  joint  you  speak  of  was  not  a  good  contact.  It  was 
not  sufficient.  But  this  question  of  uniting  magnetic  surfaces  is 
very  much  more  serious  tlian  uniting  electrical  conducting  sur- 
faces on  account  of  the  limit  of  magnetic  saturation. 

Mr.  W.  J.  Hammer  :  —This  question  of  contact  in  the  fields  of 
a  motor  calls  to  my  mind  some  experiments  1  made  at  one  time 
in  connection  with  one  of  the  old  "Jumbo"  Edison  machines. 
As  many  of  the  gentlemen  here  will  prol)al)ly  remember,  the  old 
machines  had  a  large  number  of  field  cores — twelve,  I  believe — 
and  it  used  to  be  a  very  difficult  thing  to  get  perfect  contact,  al- 
though the  surfaces  were  scraped  and  polislied.  ^\  hen  the  cores 
were  bolted  together  there  were  consequent  poles  generated  and 
1  made  some  experim'jnts  at  one  time  witli  a  field  explorer  made 
from  an  incandescent  lamp.  I  brouglitit  up  to  a  very  high  candle 
power — until  thei'e  was  this  blue  fluorescence  all  through  the 
globe,  which  is  very  sensitive  to  magnetism—  and  I  found  it  was 
a  very  sensitive  field  explorer  and  snowed  not  only  the  strength 
of  the  field  in  different  parts  of  the  poles,  but  alsi»  the  magnetic 
leakage.  In  passing  it  over  the  pole  pieces  of  the  machine  I 
found  out  that  there  was  quite  a  difference  at  the  points  of  con- 
tact between  the  yokes  and  the  various  cores  (making  a  sketch). 
You  may  remember  they  used  to  have  a  double  row  of  fields  be- 
low the  armature,  all  connected  to  one  pole,  with  four  cores  in 
each  row  and  one  row  of  four  cores  above  the  armature,  and 
where  they  were  bolted  to  tlie  keepers  the  surfaces  were  polished 
very  brightly  and  tightly  fitted  togetlier.  In  some  of  these  places 
where  the  bolts  were  not  tightened  up  I  found  considerable  dif- 
ference in  the  lines  of  force  and  strenath  in  the  consequent  poles 
formed.  There  was  doubtless  some  little  difference  m  the  effi- 
ciency of  the  fields  by  tightening  up  those  points,  and  that  was 
indicated  by  this  sensitive  form  of  the  field  explor  r. 

Mr.  Edward  P.  Thompson: — With  reference  to  the  contact 
between  the  cast-iron  and  the  wrought-iron,  Prof.  Crocker  is  cer- 
tainly right  in  saying  that  there  must  be  a  large  «mount  of  sur- 
face of  contact  and  that  the  distance  between  those  surfaces  must 
be  a  minimum,  to  such  a  degree  and  proportion  as  to  make  up  for 
differences  of   permeabilitv  of  the  cast  and  wrought-iron.  Now, 
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in  order  to  get  the  same  amount  of  surface  the  butt  ioint  would 
need  a  flange  or  something  of  that  kind.  That  would  occupy  a 
great  deal  of  magnet  coil  space.  It  seems  tliat  the  advantage 
that  he  pointed  out  then  would  be  that  he  takes  that  flange,  as 
you  might  say,  and  puts  it  in  a  hole  where  he  takes  out  some  of 
the  cast-iron.  In  that  way  he  gets  the  s-ime  amount  of  surface 
as  with  the  flange  and  gets  close  contact  and  yet  occupies  less 
space  simply  because  he  takes  out  some  of  the  cast-iron  and  puts 
tne  wrought-iron  in  its  place.  By  means  of  inserting,  as  one  puts 
a  wheel  on  a  car  axle,  the  contact  would  be  closer  than  you  could 
ever  get  by  any  bolts. 

Mb.  Edward  C.  Boynton,  Jr.: — 1  would  like  to  add  one  fea- 
ture of  my  experience  to  the  discussion  about  the  joint  between 
wrought  and  cast-iron.  Two  years  ago  1  tried  the  wrought-iron 
washer  spoken  of  by  Prof.  Crocker,  on  the  end  of  a  rough 
wrought-iron  field  core  to  increase  the  area  of  contact,  and  butted 
it  against  a  cast-iron  pole  piece.  In  order  to  reduce  the  expense, 
I  afterward  took  off  that  wrought-iron  washer  and  made  as  true 
a  surface  as  possible  at  the  end  of  the  field  core  and  brouaht  as 
high  a  pressure  as  I  could  to  bear  upon  that  point,  and  with  as 
careful  tests  as  I  could  make  at  that  time,  I  could  find  no  differ- 
ence in  the  efficiency  of  the  machine  whether  built  one  way  or 
the  other — i.  <^.,  with  or  without  the  washer. 

I  would  like  to  say  one  word  about  the  magnetic  circuit  and 
the  amount  of  copper  in  the  fields.  I  think,  as  regards  multi- 
polar machines,  that  the  amount  of  copper  depends  a  good  deal 
upon  whether  you  are  using  consequent  poles  or  not.  There  is 
a  machine  at  present  in  this  city  which  develops  20  horse-power 
with  150  pounds  of  copper  on  the  field  magnets.  I  think  it  is 
obtained  by  the  method  used  of  multiple  arcing  the  magnetic 
lines  through  the  armature.  I  do  not  think  that  the  above  result 
•can  be  reached  by  any  bipolar  machine.     Perhaps  it  can. 

Mk.  C.  O.  Mailloux  :  —It  might  be  well  to  state,  in  regard  to 
the  question  of  magnetic  joints,  that  the  matter  was  carefully  and 
somewhat  exhaustively  gone  into  in  Europe  about  a  year  and  a 
half  ago.  The  results  of  the  investigation  were  reported  in  the 
ficientinc  press  and  it  was  found  that  the  character  of  the  contact 
made  a  great  difference  so  long  as  we  confined  ourselves  to  rather 
low  magnetic  densities,  but  wnen  once  the  density  became  high 
the  effect,  or  defect,  of  the  joint  was  not  very  perceptible.  In 
other  words,  when  once  we  reach  saturation  or  any  density  ap- 
proaching thereto,  the  nature  of  the  joint  does  not  any  longer 
make  very  much  difference.  These  two  points  are  of  some  im- 
portance, and  as  the  results  were  gone  into  carefully  I  think  they 
are  worthjjr  of  note. 

The  pomt  noted  by  Prof.  Crocker  as  to  the  usefulness  of  ar- 
mature teeth  in  producing  a  retaining  point  on  which  the  wires 
can  act  to  pull  the  armature,  is  one  of   importance.     We  know 
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of  the  armature,  and  that  consequently  it  tends  to  displace  the 
wire  rather  than  the  core.  The  armature  core  of  a  motor  indeed 
only  moves  because  the  core  is  linked  or  held  mechanically  to  the 
winding.  In  an  ordinary  smooth  core  armature  the  mechanical 
grip  depends  upon  the  tightness  of  the  bands  without  which  the 
winding  would  slip  upon  the  core,  as  does  sometimes  occur  when 
the  bands  become  loosened  from  any  cause.  This  point  is  of  the 
more  importance  the  slower  the  speed  of  the  machine.  As  we 
reduce  the  speed  of  the  machine  we  must  increase  the  torque  in 
order  to  maintain  the  same  given  power  output.  I  have  recently 
designed  macliines  where  the  peripheral  pull  is  as  much  as  2,40b 
pounds  on  the  armature  periphery  at  4:<  0  turns  per  minute.  One 
can  readily  see  there  that  it  would  be  almot^t  impossible  to  under- 
take to  confine  the  wire  and  to  be  sure  that  it  would  remain  in 
the  same  relation  with  the  armature  core,  unless  the  armature  is 
laid  in  slots  or  otherwise  securely  fastened  mechanically  to  the 
armature  Core. 

The  point  made  by  Prof.  Crocker  in  relation  to  the  lamination 
of  pole  pieces  is,  1  think,  very  well  taken.  It  has  been  my  ex- 
perience that  the  laminating  or  the  fields  and  pole  pieces  is  not 
only  a  very  expensive  process,  but  a  very  unsatisfactory  one, 
mainly  for  mechanical  reasons  to  say  nothing  of  the  question  of 
cost.  It  involves  mechanical  expedients  which  are  not  necessary 
when  you  use  solid  cores  and  it  makes  the  pole  piece  rather  un- 
certain or  unstabU — one  is  never  sure  it  will  stay  where  it  is 
put. 

The  eccentricity  or  ''  ellipsity  "  of  the  field  space  is  another 
important  point  and  it  has  one  advantage  which  I  think  Prof. 
Crocker  did  not  mention,  namely,  the  fact  that  it  tends  to  con- 
fine the  lines  of  force  within  the  sphere  of  tho  field  space  rather 
than  to  allow  them  to  crowd  toward  the  comers.  It  is  a  well- 
known  fact  that  the  lines  of  force  are  crowded  by  the  action  of 
the  current  toward  the  ^'entering"  horn  of  the  pole  pieces  of  the 
motor  and  the  "following"  horn  of  the  pole  pieces  of  the  dy- 
namo ;  it  is  precisely  for  this  reason  that  the  horn  of  the  pole 
f)iece,  at  which  the  armature  enters  when  run  as  a  motor  and 
eaves  when  run  as  a  dynamo,  is  always  that  which  gets  the 
warmer  of  the  two  horns.  Now,  the  effect  of  making  the  field 
eccentric  or  elliptic  is  to  increase  the  magnetic  reluctance  at  the 
horns  and  it  consequently  tends  to  prevent  and  counteract  the 
tendency  of  the  lines  of  force  to  cruwd  at  any  particular  part  of 
the  pole.  It  prevents  the  tendency  to  increase  the  magnetic 
density  at  any  particular  part  of  the  pole  and  consequently  it  re- 
duces the  tendency  to  Foucault  currents.  It  also  equalizes  the 
potentials  from  the  positive  to  the  negative  side  of  the  commu- 
tator and  hence  gives  a  better  "  Mordey  "  curve.  As  there  is  not 
so  mach  action  near  the  neutral  point  the  sparking  is  greatly  re- 
duced. 

With  regard  to  the  trapezoidal  teeth,  I  (pite  agree  with  Prof. 

Digitized  by  VJi^v^ vie 


1891.]  DI8CU8SI0N.  2  5 

Crocker  that  there  is  an  advantage  in  endeavoring  to  increase  as 
much  as  possible  the  peripheral  surface  of  the  armature  core  for 
obvious  magnetic  reasons.  There  is  perhaps  one  point  to  which 
he  has  failed  to  call  attention  and  that  is  the  relation  which  the 
shape  of  the  teeth  and  their  form,  etc  ,  bear  to  the  sparking  of 
the  machine.  I  have  had  considerable  experience  with  Paci- 
notti  teeth  armatures  and  I  have  noticed  that  the  shape  of  the 
teeth,  their  number,  also  the  '^  entref er "  space  or  the  ''  clear- 
ance," have  an  evident  relation  to  the  sparking.  Mr.  Esson  in 
England  has  indeed  recently  pointed  oat  that  there  is  a  relation 
between  the  armature  current  carried,  or  the  current  "sheet"  of 
the  armature,  and  the  space  which  must  be  allowed  in  the  air 
gap  in  order  to  eliminate  sparking  under  heavy  loads,  the  limit- 
mg  current  of  the  machine  being  different  for  the  sapie  air  gap 
when  the  armature  has  teeth  and  also  for  different  forms  of  teeth. 
The  explanation  which  Prof.  Crocker  gives  of  the  action  of  that 
peculiar  form  of  tooth  is  perhaps  not  as  full  as  it  might  be.  Judg- 
ing from  my  experience  and  study  of  the  subject,  it  is  my  opin- 
ion that  the  form  of  teeth  which  he  has  described  not  only  has 
the  mechanical  advantage  but  it  has  also  a  direct  influence  in  re- 
ducing sparking ;  that  with  such  a  small  number  of  teeth  as  he 
is  using  it  would  not  be  safe  for  him  to  make  these  slots  of  the 
ordinary  proportion  because  he  would  doubtless  find  that  he  had 
very  serious  sparking  and  also  heating  of  the  pole  piecep.  The 
sparking  phenomenon  is  connected  directly  witli  the  dragging  of 
tne  lines  of  force  to  the  horn  of  the  pole  piece ;  whenever  they 
are  released  in  large  numbers  we  get  a  very  material  amount  of 
sparking  and  heatmgof  the  pole  piece.  The  narrower  the  ppace 
between  the  teeth  the  more  uniformly  the  magnetic  lines  are 
distributed.  You  perhaps  know  that  in  the  Oerlikon  machine, 
built  in  Switzerland,  the  problem  of  reducing  the  reaction  of  the 
rebounding  lines  of  force  has  been  overcome  in  another  way, 
which  consists  in  making  holes  near  the  periphery  of  the  arma- 
ture core  and  passing  the  wire  through  them,  the  winding  being, 
so  to  speak,  imbedded  in  the  core,  which  revolves  close  to  the 
field  polcF.  I  have  understood  (having  seen  only  one  myself )  that 
in  such  machines  there  is  very  little  sparking,  in  spite  of  the  fact 
that  they  have  a  very  small  clearance.  It  would  seem  as  if  the 
relation  admissible  between  the  volume  of  current  around  the 
armature,  as  Mr.  Esson  terms  it,  or  the  current  "sheet"  of  the 
armature  as  I  term  it,  and  the  clearance  space  is  much  different 
in  the  case  of  such  an  armi.ture  and  aUows  of  the  current  being 
greatly  increased. 

The  Wenstrom  machine,  as  you  know,  has  a  similar  form  of 
armature  periphery.  Instead  of  putting  one  single  wire  through, 
the  openings  are  fewer  in  ni  mher  and  larger,  and  hold  a  larger 
number  of  conductors.  I  have  tried  experiments  on  the  subject 
using  ordinary  forms  of  slots  -the  square  slots — and  I  have  en- 
deavored to  attain  approximately  the  results  which  Prof.  Crocker 
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has  obtained  by  his  trapezoidal  form  of  tooth  in  another  way. 
The  machines  were  a  pair  of  four-pole  tram  car  motors  with  sohd 
wrought-iron  fields.  1  was  aware  that  unless  the  pole  pieces  at 
least  were  laminated  T  would  get  some  heating  action  at  the  pole 
pieces.  As  I  wished  to  find  out  the  amount  of  heatilig  I  first 
tried  the  motors  in  the  ordinary  way.  I  then  took  oflf  the  arma- 
ture bands  and  put  on  bands  made  of  tinned  iron  wire.  I  made 
these  iron  wires  very  narrow  and  placed  them  close  together  on 
the  armature.  These  tinned  iron  wires  practically  closed  over 
the  space  between  the  contiguous  teeth  or  slots  at  several  points. 
I  found  that  this  made  a  very  decided  difference  not  only  in  the 
operation  of  the  machine  so  far  as  sparking  was  concerned,  but 
also  in  the  heating  of  the  pole  pieces,  both  of  which  it  reduced 
materially^  I  also  tried  the  same  expedient  with  ordinary  arma- 
tures having  smooth  cores.  One  machine  in  particular  with  which 
the  experiment  was  tried  was  an  old  high-speed  machine  whose 
magnetic  and  electrical  proportions  were  evidently  wrong.  At 
any  rate,  it  had  the  vice  of  sparking  to  such  an  extent,  and  its 
use  was  so  unsatisfactory  even  at  light  load,  that  it  had  been  prac- 
tically discarded.  As  a  matter  of  curiosity  more  than  anything 
else,  the  bands  of  brass  wire  were  replaced  by  iron  wire  bands. 
Quite  a  serviceable  machine  was  the  result  of  the  change.  The 
sparking  was  reduced  greatly  and  the  "limiting"  current  was 
increased  conr^ider.i  bly  by  that  simple  expedient.  I  account  for 
this  by  reasoning  that  the  lines  of  force  at  the  horn  of  the  pole 
pieces  oscillate  or  bend  to  and  fro  in  smaller  numbers  and  over  a 
shorter  distance  when  the  tooth  is  partially  bridged  as  in  Prof. 
Crocker's  form  of  tooth  or  when  an  iron  wire  band  is  used,  or 
yet  better,  when  wholly  bridged  by  magnetic  substances  of  the 
armature  core  itself  as  in  the  two  types  just  noted.  I  should 
therefore  expect  the  motors  now  before  us  to  have  the  quality  of 
a  high  "limiting "  current,  that  is  to  say,  of  being  able  to  carry 
a  larger  excess  of  load  witliout  injurious  sparking  than  in  the 
case  of  ordinary  toothed  armatures. 

Prof.  Crocker  speaks  of  the  efficiency  of  motors  being  neces- 
sarily smaller  when  the  speed  is  reduced.  That  is  doubtless  true 
if  we  make  the  weight  constant,  or  attempt  to  limit  it,  but  if  we 
do  not  entertain  the  weight  in  that  relation  it  does  not  necessa- 
rily follow  that  we  lose  in  the  efficiency  by  reducing  the  speed. 
I  think  the  machine  can  be  made  as  efficient  at  a  low  speed  as 
at  a  high  speed  if  one  be  willing  to  make  it  larger,  because  a 
motor  involves  three  variable  quantities,  one  of  which  is  the  num- 
ber of  lines  of  force.  If  we  are  willing  to  increase  that  factor, 
which  means  to  increase  the  quantity  of  iron  and  copper,  I  see 
no  reason  why  the  efficiency  may  not  remain  constant  for  a  given 
capacity  at  lower  speed. 

In  conclusion,  there  is  one  point  that  I  would  like  to  speak  of, 
not  exactly  as  a  criticism  of  Prof.  Crocker's  paper,  but  more  as  a 
fiugfirestion  which  I  hope  will  be  followed  further.     I  would  have 
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liked  to  have  seen  in  Prof.  Crocker's  paper  more  attention  paid 
to  such  data  as  might  be  useful  to  the  engineering  profession.  In 
mechanical  engineering,  as  you  all  know,  we  reduce  everything 
to  formula.  We  have  formula,  empirical  or  other,  giving  the 
length  of  a  shaft  as  a  proportion  of  its  diameter,  for  a  given 
speed,  torque  and  distance  between  bearings.  And  so  with  many 
other  parts  of  machines,  the  proportions  of  which  can  be  arrived 
at  by  a  simple  formula  based  upon  collated  experience.  I  notice 
that  in  Europe  there  is  a  tendency  to  likewise  assimilate  electi  ieal 
knowledge  and  put  it  into  digestible  form  so  as  to  make  it  more 
available  and  convenient  for  the  practical  engineer. 

Consequently  it  would  have  been  interesting  if  Trof.  Crocker 
had  given  us  such  things  as  the  ratios  of  watts  dissipated  to  sur- 
faces on  which  they  were  dissipated  and  the  speed  of  moving 
surfaces.  He  dwelt  largely  on  the  per  cent,  of  heat  wasted  in 
the  field.  I  submit  that  these  data  are  not  of  as  much  value  to 
us  as  they  would  be  if  they  were  taken  in  relation  to  the  extent 
and  character  of  the  surfaces  in  action,  because  in  Europe,  par- 
ticularly in  England,  they  have  already  begun  to  arrive  at  some 
definite  system  or  rule  in  the  proportions.  They  have  reduced 
the  mechanical  proportions  to  a  sort  of  standard  ;  for  instance, 
the  ratio  of  the  diameter  of  armature  to  radial  depth  of  core  and 
to  the  peripheral  extent  or  width  of  poles,  the  magnetic  density 
in  the  field  cores,  entrefer  and  armature,  and  many  such  things 
which  are  of  great  utility  and  convenience  while  at  the  same 
time  they  do  not  at  all  disturb  secrets  of  manufacture.  The  same 
matter  is  possibly  stated  in  the  paper,  only  it  might  have  been 
stated  in  a  more  accessible  form,  tabulated  or  formulated,  so  that 
it  could  be  used  more  conveniently  by  the  practical  engineer. 

Mr.  Boynton  : — I  would  like  to  refer  to  one  point  in  regard  to 
the  sparking  eflEect  as  governed  by  the  area  of  the  tooth.  I  have 
seen  a  number  of  experiments  with  different  sizes  of  teeth  and  the 
figure  arrived  at  is  that  if  the  area  of  the  tooth  on  the  periphery 
is  eaual  to  the  area  of  the  core  of  the  field  magnet  that  the 
spartcing  will  not  be  noticeable.  T  do  not  know  how  far  one  way 
or  the  other  you  can  go  from  that  figure  without  bad  results,  but 
it  is  safe  to  use  it.  In  the  armature  of  Prof.  Crocker  I  should 
say  that  the  distance  from  the  bottom  of  one  of  these  trapezoidal 
slots  to  the  bottom  of  the  next  should  be  equal  to  the  area  of  the 
core,  very  nearly. 

Db.  Schuyler  S.  Wheeler  : — Does  the  gentleman  mean  the 
area  of  the  sum  of  the  teeth  that  supply  one  side  of  the  armature 
or  of  only  a  single  tooth  ? 

Mr.  Boynton  : — The  sura  of  the  areas  of  the  number  of  teeth 
under  the  pole  piece  at  one  moment. 

I  would  also  like  to  state  a  point  in  regard  to  eccentricity  of 
the  curve  in  pole  pieces.  That  can  also  be  done  in  another  way. 
The  curve  can  be  allowed  to  follow  the  armature  almost  the  whole 
extent  of  the  pole  piece  and  then  be  gradually  backed  oflE  to  tha 
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Dr.  Wheeler  : — I  would  say  that  1  hardly  expect  to  see  a 
properly  constructed  dynamo  or  motor  made,  in  which  the  area 
of  the  sum  of  the  teeth  under  the  pole  piece  is  less  than  the  cross- 
section  of  the  armature,  because  in  that  case  the  magnetism  would 
be  throttled  by  the  teeth. 

Mr.  Mailloux  :  —That  is  a  matter  which  is  self  evident,  and 
it  has  been  pointed  out  in  the  discussion  of  Mr.  £sson's  paper 
before  the  Institution  of  Electrical  Engineers.  It  was  shown 
that  in  machines  using  toothed  armatures  the  combined  area  of 
any  teeth  under  the  pole  ought  not  to  be  less  than  the  section  of 
the  armature  core  itself.  If  it  is  made  less,  the  magnetic  density 
is  greater  and  the  permeability  is  correspondingly  lowered  which 
means  that  the  ampere-turns  of  the  exciting  coils  must  be  made 
greater.  After  all,  the  whole  question  mainly  is,  how  many  am- 
pere-turns one  is  willing  to  devote  to  this  portion  of  the  mag- 
netic circuit.  With  an  air  space  the  permeability  is  unity  Even 
if  we  were  to  crowd  the  lines  of  force  in  the  teeth  to  a  density 
of  30,000  or  40,000  per  square  centimetre,  we  would  still  have  a 
permeability  of  twice  to  four  times  that  of  air.  Of  course,  there 
are  other  reasons  besides  the  increase  in  exciting  energy  required, 
as,  for  instatice,  the  distortion  of  Held,  which  render  such  extreme 
densities  undesirable  It  is  a  fact,  however,  that  high  densities, 
say  25,000  or  more,  can  be  used  in  the  teeth  in  special  cases. 

Mr.  J.  Martin  : — In  reference  to  the  contact  surfaces  of  the 
cores  and  yokes  I  would  state  that  the  earlier  practice  of  the  Edi- 
son company  was  to  scrape  them  as  accurately  as  possible.  In 
the  language  of  a  friend  of  mine  who  did  considerable  of  this 
work,  "  a  slide  valve  was  nothing  to  it."' 

Th  it  practice  has  been  abandoned  and  the  present  machines 
are  turned  out  with  the  surfaces  simply  machine  tooled.  In  test- 
ing a  machine  lately  which  did  not  quite  realize  anticipations,  I 
found  that  the  assembling  had  been  done  rather  carelessly  and 
considerable  dirt  was  between  the  adjusting  surfaces.  I  cleaned 
them  carefully,  rubbing  them  with  white  paper  until  no  discol- 
oration was  apparent.  On  reassembling  and  repeating  the  satu- 
ration test  no  practical  difference  from  first  test  was  found. 

This  machine  had  a  smooth  core  and  the  gaps  required  about 
80  per  cent,  of  the  whole  magnetizing  force.  The  tests  on  the 
effects  of  joints  alluded  to  by  Mr.  Mailloux  are  quite  fully  re- 
ported on  in  Silvanus  P.  T^hompson's  book,  "  Lectures  on  the 
Electro-Magnet." 

In  my  designs  for  machines  I  have  always  allowed,  ae 
stated  in  the  tests  just  mentioned,  for  the  resistance  of  the  joint 
as  an  air  gap  of  from  one-half  to  one-thousandth  of  an  inch  in 
length  depending  on  the  density  of  lines  at  the  same.  However, 
it  is  a  matter  hardly  worth  taking  into  account  when  the  surfaces 
are  of  like  material  and  reasonably  well  surfaced.  As  probably 
an  extreme  case  of  heating  I  would  mention  a  test  recently  made 
on  a  shunt  dynamo  which  was  started  at  the  poiijt  ^^o|  b^M!J6A?lc 
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watt  oiitpnt  of  its  cold  external  characteristic  (its  capacity  was 
iitated  to  be  about  that  which  could  be  obtained  at  this  point.")  In 
three  hours  the  output  in  watts  had  decreased  exactly  one-tnird. 
This  was  a  small  machine  and  not  very  efficient  and  1  only  men- 
tion it  as  showing  one  of  the  effects  ot  heating. 

Speaking  of  heating  brings  to  mind  the  unreliability  of  meas- 
urements made  with  thermometers,  of  increase  in  temperature, 
especially  in  the  case  of  armatures.  Judging  from  my  own  ex- 
perience and^the  observed  practice  of  others,  I  am  inclined  to 
doubt  the  accuracy  of  results  obtained  by  methods  other  than 
measuring  the  increased  resistance  and  calculating  the  increase  in 
temperature  by  the  well-known  formula.  I  would  like  to  ask 
Professor  Crocker  or  any  other  member  who  has  constructed 
machines  with  armatures  of  the  Pacinotti  type,  of  any  consider- 
able size,  if  they  can  state  the  point  at  whicn  there^is  a  tendency 
in  that  particular  form  of  construction  which  by  the  decrease  in 
the  magnetizing  force  required  for  the  air  gap  causes  the  arma- 
ture to  become  relatively  too  powerful  for  tne  field  and  so  does 
not  allow  this  feature  in  the  construction  to  be  utilized  to  its 
fullest  extent.  The  "law  output"  machines  devised  by  Cromp- 
ton  and  Swinburne  are,  1  believe,  an  example  of  my  meaning 
and  require  external  devices  to  render  them  operative. 

I  would  ask  if  the  shaping  of  the  pole  pieces,  as  to  cross-sec- 
tion, of  the  Oocker-Wheeler  motors  is  the  result  of  experi- 
ment. 

In  one  of  perhaps  an  earlier  type  than  the  one  exhibited  I  no- 
ticed what  seemed  to  be  an  apparent  increase  in  cross-section  at 
a  distance  above  the  spools.  I  understand  that  in  some  of  the 
smaller  machines  at  least  one  coil  is  wound  over  the  other  in  the 
same  slot. 

I  have  had  some  experience  with  Gramme  armatures  in  which 
the  coils  were  not  symmetrical  in  either  position  or  length,  and 
there  was  uneven  wear  on  the  commutator.  I  notice  that  the 
outer  tips  of  the  poles  are  closer  to  each  other  than  the  inner, 
and  would  ask  if  this  is  the  result  of  experiment. 

There  is  a  point  in  connection  with  multipolar  nmchines  which 
until  mentioned  by  Mr.  Swinburne  in  the  discussion  of  Mr.  Es- 
son's  paper,  had  not,  I  believe,  been  properly  placed  before  the 
public.  This  is  the  unequal  induction  through  the  paralleled 
armature  circuits,  due  to  journal  wear.  In  amultipolai*  machine 
with  Pacinotti  armature  and  small  air  gap,  especially  the  wear 
which  in  commercial  work  always  takes  place  and  has  no  detri- 
mental effects  (within  limits),  in  bipolar  machines  would  result 
in  considerable  trouble.  From  information  lately  received,  this 
has  been  the  case  in  certain  very  large  machines  in  Europe, which 
are  being  held  up  to  our  admiration,  and  has  been  provided  for  in 
some  later  constructions  by  placing  the  armature  siiaft  vertically. 
It  is  a  matter  of  some  surprise  to  me  that  this  point  has  not  been 
provided  for  in  the  constructions  which  I  have  i|4e9©R2rtW>j]^^ 
for  examining.  ^ 
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Prof.  Crocker  :  —I  simply  stated  in  a  general  way  that  a  good 
joint  was  desirable,  which  1  think  no  one  will  deny.  Further- 
more, the  resistance  of  a  joint,  which  I  think  is  properly  stated 
to  be  equivalent  to  an  air  gap  of  so  many  thousandths  of  an  inch 
or  as  equivalent  to  so  mucli  of  the  iron  circuit — the  advantage 
of  expressing  it  in  terms  of  air  gap  is  that  air  has  a  permeability 
of  unity  and  is  definite.  I  spoke  particularly  of  the  necessary 
surface  of  contact  between  wrougnt  and  cast-iron.  If  cast  iron 
has  fifty  or  sixty  per  cent,  of  the  permeability  of  wrought-iron, 
it  requires  a  corresponding  increase  of  surface  of  contact.  If 
there  was  a  welded  joint  between  the  two,  it  would  still  need  the 
increased  surface  of  contact.  Incidentally  the  construction  I 
suggest  secures  a  very  good  joint  because  the  core  is  made  exactly 
true  and  of  exactly  a  certain  diameter  and  so  is  the  hole  into 
which  it  fits,  and  it  slips  in  with  no  looseness  at  all.  As  a  matter 
of  fact,  it  fits  within  a  fi-action  of  a  thousandth  of  an  inch  and  I 
think  this  is  desirable,  particularly  where  the  whole  magnetic  cir- 
cuit is  of  low  reluctance ;  in  other  w^ords,  a  given  amount  of 
reluctance  in  a  joint,  whatever  it  may  be,  will  have  more  effect 
in  a  short  magnetic  circuit  of  small  reluctance  than  it  will  in  the 
ordinary  magnetic  circuit  with  a  half-inch  air  gap.  The  results 
recorded  where  joints  have  no  effect  is  usually,  1  think,  where 
they  have  had  a  large  amount  of  magnetic  reluctance  either  in 
the  magnetic  circuit  or  in  the  air  gap  between  the  pole  pieces 
and  armature.  1  have  made  a  test  in  which  you  could  slip  a 
visiting-card  into  a  magnetic  joint  as  a  result  of  the  presence  of 
dirt,  and  yet  when  I  made  the  joint  perfect  it  made  no  percep- 
tive difference  because  the  rest  of  the  magnetic  circuit  had  such 
a  large  reluctance  that  the  poor  joint  was  of  no  consequence. 
But  if  the  rest  of  the  circuit  had  a  small  reluctance,  it  would  be 
of  great  consecjuence.  When  we  get,  in  a  few  years,  to  look  at 
magnetic  reluctance  as  we  now  do  at  electrical  resistance,  then 
this  whole  question  of  joints  will  take  its  proper  place. 

In  regard  to  the  pole  piece  being  brought  nearer  on  the  upper 
side,  I  would  say  that  the  object  of  that  is  to  counteract  the 
tendency  of  a  greater  number  of  lines  of  force  to  go  through  the 
lower  side.  I  find  that  on  account  of  its  being  a  shorter  path, 
we  get  60  per  cent  of  the  lines  of  force  through  the  upper  half 
of  the  pole  piece  by  this  plan.  This  also  tends  to  lift  the  arma 
ture  andTeduce  the  friction  due  to  its  weight.  If  the  upward 
magnetic  pull  was  equal  to  the  weight  it  would  reduce  friction  ta 
a  minimum. 

In  regard  to  the  peculiar  form  of  the  pole  piece — the  plough 
form.  The  object  is  to  make  the  teeth  come  into  the  field  grad- 
ually. It  is  the  same  point  that  Mr.  Mailloux  spoke  of  in  regard 
to  flaring  the  pole  piece,  which  we  always  do.  Pointing  the  pole 
piece  and  flaring  it  both  have  the  effect  of  making  grad- 
ual the  entrance  or  exit  of  a  coil  or  tooth  and  I  think  this 
quite    important,   particularly    in    toothed    armatures.       What 
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Mr.  Mailloux  said  agrees  exactly  with  my  experience,  that 
toothed  armatures  should  have  a  flarine  pole  piece  and  should 
have  a  pointed  or  rounded  pole  piece  also.  It  is  also  desirable 
on  account  of  reducing  sparking  and  keeping  the  lines  of  force 
in  the  middle  of  the  pole  piece  rather  than  have  them  pile  up  in 
one  corner  of  it.  Another  thing  is  that  if  there  is  a  perfectly 
square  edge  and  a  perfectly  square  tooth  it  will  produce  a  hum 
due  to  the  sudden  effect  produced  when  the  edge  of  the  tooth 
comes  opposite  the  edge  of  the  pole  piece,  but  if  the  edge  of  the 
pole  piece  is  inclined,  the  passage  is  gradual  and  the  hum  is  re- 
ducea. 

I  n  regard  to  two  sections  in  one  slot,  I  would  say  that  we  do 
equalize  them  and  I  expected  a  tendency  to  spark  in  one  of  them 
more  than  in  the  other.  That  is  to  say,  I  expected  to  have  spark- 
ing of  the  commutator  at  every  second  bar,  but  it  does  not  seem 
to  occur.  Of  course,  if  two  sections  are  in  one  slot,  that  means 
that  between  one  pair  of  sections  there  is  no  tooth ;  between  the 
n»»xt  pair  there  is  a  tooth  which  apparently  ought  to  have  an 
effect,  but  it  doesn't,  and  I  attribute  it  to  what  Mr.  Mailloux 
spoke  of — the  continuity  of  the  magnetic  surface.  We  have  prac- 
tically a  continuous  magnetic  surface  of  armature  core  and  tnere- 
fore  when  a  tooth  comes  in  or  out  of  the  field  it  does  not  do  so 
suddenly.  I  confess  1  was  quite  surprised  when  we  were  able  to 
bring  two  sections  into  a  slot  without  having  sparking ;  I  expected 
more. 

Mr.  MAiLrx>ux  : — If  I  may  be  allowed  to  take  another  minute, 
I  would  like  to  say  that  in  regard  to  putting  two  sections  in  one 
slot,  that  if  they  were  not  superposed — that  is.  if  they  were  sim- 
ply opposed  or  set  side  by  side — the  sparking  would  probably  be 
less,  simply  because  the  arrangement  prevents  the  Imes  of  force 
from  rebounding  through  the  whole  space  at  one  operation,  but 
subdivides  the  jump  into  two  portions. 

In  regard  to  the  equivalent  air  resistance  of  a  joint,  I  think 
the  matter  can  be  put  more  clearly  in  this  way  :  Between  two 
wrought-iron  surfaces  or  between  two  cast-iron  surfaces  I  think 
we  can  deal  with  the  resistance  as  if  it  were  an  air  resistance,  but 
if  when  dealing  with  a  wrought-iron  and  cast-iron  contact  in 
which  the  wrought-iron  happens  to  be  the  smaller  of  the  two,  I 
do  not  think  that  you  can  treat  it  as  if  it  were  an  air  resistance. 
Let  us  assume,  for  instance  that  we  have  a  rod  of  iron  making  a 
butt  joint  and  that  the  rod  has  a  square  centimeter  of  section. 
Now,  if  the  section  of  the  iron  is  only  one  square  centimeter, 
then  with  a  high  density,  say  20,000,  it  will  bring  down  the  per- 
meability of  tne  wrought-iron  to  say  30  or  40 ;  whereas  in  the 
cast-iron  the  permeabSity  will  be  almost  literally  nothing — two 
or  three  perhaps ;  possibly  even  less.  So  that  not  only  have  we 
to  take  into  consideration  air  resistance,  but  we  have  to  consider 
the  immensely  increased  magnetic  reluctance  due  to  the  greater 
density  per  square  centimeter  in  the  cast-iron  itself,  because  the 
cast-iron  will  not  admit  of  such  density  as  the  wrought-iroft^S*^^ 
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The  matter  of  armature  connections  in  multipolar  machines  has 
been  discussed  by  the  gentleman  who  spoke  pre\iou6ly.  It  is  a 
well-known  fact  that  multipolar  machines  require  certain  precau- 
tions which  are  not  needed  in  bi-polar  machines.  In  bi-polar 
machines  you  have  only  one  magnetic  field.  In  multipolar  ma- 
chines you  have  two,  four  or  more.  If  no  special  precaution  is 
taken  in  connecting  the  armature  circuit,  it  follows  tnat  we  must 
have  the  magnetic  fields  very  accurately  balanced,  so  that  they 
may  be  all  equal  to  each  other.  If  we  do  not,  whether  it  is  by 
allowing  the  armature  to  come  closer  to  one  set  of  poles,  as  in  the 
case  referred  to  by  Mr.  Swinburne  recently  in  England ;  whether 
it  is  that  we  do  not  have  the  same  magnetic  resistance  in  the  core 
itt^elf,  or  whether  we  have  not  the  same  number  of  turns,  or  from 
any  cause,  the  exciting  current  passing  through  some  of  the 
magnet  coils  is  reduced — if  in  any  way  we  disturb  the  equilib- 
rium between  the  magnetic  fields,  it  is  evident  that  some  of  the 
many  circuits  in  parallel  will  be  developing  a  higher  e.  m.  f.  than 
the  rest.  I  have  had  experience  with  six  polar  machines,  where 
connections  were  made  in  the  usual  way,  using  say  six  brushes 
and  consequently  having  six  parallel  paths  for  the  current  in  the 
armature,  and  I  have  found  that  if  anything  happened  whereby 
a  pair  of  poles  were  magnetically  short-circuited  or  any  thing  that 
would  destroy  the  magnetic  balance,  the  disturbance  might  be  so 
great  as  to  burn  the  armature,  simply  because  one  portion  of  the 
armature  then  has  to  revolve  in  a  weakened  or  dead  field,  and  as 
it  generates  little  or  no  e.  m.  f.,  it  would  be  simply  the  path  form- 
ing the  short-circuit  between  the  (^ther  sections  and  consequently 
would  be  rapidly  burned  up.  This  fact  was  not  pointed  out  first 
by  Mr.  Swinburne.  Mr.  C.  S.  Bradley  wrote  an  article  in  the 
Electrical  World,  in  March,  1887,  in  which  he  pointed  that  out 
very  clearly,  in  connection  with  the  description  of  his  winding  for 
multipolar  machines.  The  matter  has  been  perfectly  understood 
by  all  engineers  who  are  at  all  familiar  with  the  design  and  con- 
struction of  multipolar  machines,  and  I  may  say  that  there  is  no 
excuse  to-day  for  anybody  running  into  that  error,  because  several 
windings  have  been  invented  which  entirely  obviate  the  troubles 
from  unequal  magnetic  fields  I  am  now  building  motors  with 
as  many  as  twelve  poles  and  it  would  be  simply  suicidal  to  fol 
low  the  old  method  of  winding,  to  say  nothing  of  using  twelve 
brushes.  In  such  cases  some  other  way  must  be  followed  of  over- 
coming the  difficulties  and  insure  our  having  an  equal  action  over 
every  part  of  the  armature. 

I  think  it  is  fitting,  perhaps,  to  say  that  one  thing  we  must  ad- 
mire in  Prof.  Crocker's  paper  is  the  considerable  amount  of  what 
we  are  wont  to  term  in  this  country,  "  horse  sense,"  manifested 
in  the  author's  ideas  and  opinions  on  this  subject.  I  think  it  is 
quite  refreshing  that  we  are  at  last  entering  on  a  phase  where  the 
electrical  engineer  is  superseding  the  inventor,  where  the  neces- 
sity for  paying  strict  attention  to  electrical  and  mechanical   enr 
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gineering  reouirements  is  becoming  obvious  to  all  of  us,  and 
where,  as  he  has  clearly  pointed  out,  the  question  of  the  shape  of 
motor,  the  question  ot  a  fanciful  design  of  the  armature  as  such, 
has  become  a  question  of  good  common  sense,  coupled  with  en- 
gineering knowledge  and  skill. 

The  Chairman: — The  time  approaches  when  we  must  take 
our  recess.  I  would  like  to  say  before  closing  this  discussion,  that  I 
have  been  extremely  pleased  by  the  practical  tura  it  has  taken  and 
especially  with  the  few  remarks  with  which  Mr.  Mailloux  has  clos- 
ed. To  my  mind  the  practical  nature  of  the  paper  is  its  great  merit, 
and,  although  Prof.  Crocker  says  it  has  but  one  merit,  namely, 
that  which  may  be  found  in  the  doxology  at  the  end  of  his 
paper,  I  am  quite  sure  we  have  found  many  in  it.  It  is  too  fre- 
quently the  practice  in  America  to  bring  the  two  terms  "practi- 
cal" and  "practicable"  into  harmony  and  use  them  as  synonymous 
terms.  It  is  certain  that  in  the  experience  of  many  of  us,  things 
practicable  have  been  found  which  were  totally  unpractical. 

The  discussion  seems  to  have  concentrated  mainly  on  the  im- 
portance of  bavins:  a  perfect  m^netic  circuit.  I  do  not  know 
that  that  was  the  design ;  in  fact  I  am  quite  sure  it  was  not  the 
design  of  the  author  of  the  paper  to  emphasize  that,  so  much 
as  to  emphasize  the  necessity  of  tne  perfection  of  joints  between 
cast  and  wrought-iron.  I  have  been  specially  interested  in  one 
little  remark  which  did  not  seem  to  attract  general  attention, 
namely,  that  the  supposition  that  cast-iron  is  cheaper  than 
wrougnt-iron,  is  a  fallacy,  its  permeability  being  as  much  below 
wrought  iron  as  is  its  price,  both  beinff  about  one  half. 

While  I  am  in  entire  accord  with  tne  spirit  of  that  paragraph 
I  would  venture  to  so  far  depart  from  its  terms  as  to  bslj  that 
cast-iron  is  cheaper  than  wrought-iron  and  therefore  it  is  not 
advantageous  to  use  it.     [Applause.] 

Some  years  ago  at  the  suggestion  of  our  Past-President,  Mr. 
Franklin  L.  Pope,  I  wrote  an  article  entitled,  "  The  Cheap  John 
in  Electricity."  Perhaps  it  has  had  as  wide  a  circulation  as  any- 
thing I  have  had  the  misfortune  to  write,  but  it  is  the  one  thing 
thatl  have  written  of  which  I  am  the  least  ashamed.  I  do 
think  that  cheapness  should  be  obliterated  from  electrical  consid- 
erations. Substitute  for  the  word  cheap,  economy,  and  it  is  all 
right;  but  there  is  no  economy  in  using  cast-iron  instead  of 
wrought-iron  even  though  its  price  be  one  half.  As  I  am  afraid 
I  cannot  be  with  you  this  afternoon, and  as  Mr.  Hammer  is  here. 
I  will  ask  him  to  preside. 

You  are  invited  to  take  a  collation,  which  is  prepared,  and 
however  much  many  of  us  may  dissent  from  the  propositions  of 
Prof.  Crocker  and  Mr.  Mailloux,  I  am  sure  we  shall  heartily  be  in 
accord  with  one  statement  of  both  gentlemen,  namely,  that  with 
respect  to  the  usefulness  of  teeth. 
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.  At  the  last  General  Meeting  of  the  Institute,  Mr.  Louis  B. 
Marks  read  a  paper  on  the  electric  arc.  which  dealt  with  the 
performance  of  commercial  lamps  in  tiie  continuous  current 
circuit.  The  present  paper  is  a  preliminary  report  of  a  similar 
line  of  work  now  being  carried  on  under  the  writer's  direction, 
by  Mr.  J.  C.  McMynn  ;  the  subject  of  the  investigation  being 
the  alternating  current  arc  When  the  research  in  question  is 
completed,  Mr.  McMynn  will  publish  the  results  in  full ;  but, 
since  his  report  may  not  be  ready  for  several  months,  it  seemed 
desirable  that  I  should  lay  before  the  Institute  at  this  meeting 
certain  points  which  have  already  been  established. 

The  alternating  current  arc  and  the  continuous  current  arc 
afford  two  entirely  distinct  fields  of  investigation.  Candle-power, 
distribution  of  light,  quality  of  light,  temperature,  efficiency, 
resistance,  electromotive  force  necessary  to  maintain  the  arc, 
performance  of  the  carbons  under  varying  conditions;  all  of  these 
are  questions  concerning  which  we  have  abundance  of  experi- 
mental data,  so  far  as  the  continuous  current  arc  is  concerned. 
In  the  case  of  the  alternating  arc,  however,  these  and  many  other 
points  are  still  to  be  determined. 

The  arc  lamp,  fed  by  alternating  currents,  invariably  hums 
and  sings.  The  note,  which  is  not  to  be  mistaken  for  the  hissing 
which  we  hear  from  continuous  current  lamps  that  are  burning 
under  improper  conditions,  possesses  a  definite  pitch,  determined 
by  the  rate  of  alternation  of  the  dynamo.  That  the  note  is  not 
due  to  the  mechanism  of  the  lamp  itself  is  readily  showp^      The 
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Jablochkoff  candle,  which  is  devoid  of  all  mechanism,  sings  as 
merrily  as  the  lamp  with  solenoid  regulator ;  any  form  of  hand- 
lamp  will  do  the  same.  I  do  not  remember  having  seen  any  def- 
inite statement  concerning  the  source  of,  this  humming  noise, 
nor  any  satisfactory  discussion  of  the  question.    My  attention 
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Fig.  1.— From  Archbold  and  Teeple's  thesis  on  *'  The  Ball  and  Point"  effect. 

was  first  brought  to  the  very  obvious  explanation  of  the  phenom- 
enon by  the  study  of  certain  curves  of  electromotive  force, 
obtained  by  Messrs.  Archbold  and  Teeple,  in  the  course  of  an 
investigation  of  the  alternating  discharge  between  a  ball  and 
points  These  curves  have  recently  been  published.  I  repro- 
duce one  of  them  for  the  purpose  of  elucidation'.  This  curve 
was  obtained  by  the  well-known  method  of  instantaneous  con- 
tacts. The  circuit  under  investigation  was  the  high  tension 
secondary  of  an  induction  coil,  actuated  by  an  alternating  current 
dynamo,  the  e.  m.  f.  of  which  followed  the  law  of  sines  closely. 
In  the  circuit  were  placed  a  ball  and  point,  the  air  space  between 
them  being  such  that  the  discharge  would  take  place  in  one 
direction  only,  from  ball  to  point.     It  was  established,  by  the  use 
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Fig.  2  —From  Tobey  &  Walbridge's  paper  on  the  Stanley  Arc  Lighting  !&Iachine. 

of  a  revolving  mirror,  that  an  arc  existed  only  during  that  part 
of  each  cycle  represented  by  the  horizontal  portion  of  the  curve. 

1.  See  Archbold  and  Teeple ;  Thesis  in  MS.,  Library  of  Cornell  University, 
1889. 

2.  See  "The  Alternating  Electric  Arc  between  a  Ball  and  Point."    Am&ri' 
can  Journal  of  Science,  Vol.  41.  p.  1. 
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[a — ft,  figure  l.J  Shortly  after  this  curve  had  been  obtained,  the 
curves  of  Messrs.  Tobey  and  Walbridge,  illustrating  the  perform- 
ance of  the  Stanley  arc  lighting  dynamo,  appeared.  It  will  be 
remembered  by  those  who  heard  their  paper  read  before  the 
Institute,  that  this  machine,  which  gave  very  nearly  the  sine 


Fig.  3.— Alternating  Arc.     [Movement  of  plate  horizontal.] 

curve  of  e.  m.  f.  when  working  through  non-inductive  resistance, 
showed  curves  very  widely  removed  from  that  form  when  arc 
lamps  were  in  the  outer  circuit.* 

Figure  2  contains  the  curve  of  the  arc-lighting  machine  when 
five  lamps  were  in  circuit.  The  relation  of  this  curve  to  those 
obtained  with  the  ball  and  point  is  evident.  Here,  also,  the 
variation  of  the  curve  from  sinusoidal  form  is  to  be  ascribed  to 
the  periodic  formation  and  breaking  down  of  the  arc,  which 
happens  twice  in  every  complete  cycle,  instead  of  once,  as  in  the 
case  of  the  "one  way"  discharge  of  the  ball  and  point  phe- 
nomenon. 

After  studying  these  curves  it  seemed  to  me  unquestionable 
that  the  humming  of  the  alternating  arc  is  due  to  the  rapid  peri- 
odic extinction  and  re-establishment  of  the  discharge,  the  effect 


Fig.  4. — Alternating  arc.      a.  Long  arc  (58  volts),      h.  Short  arc  (48  volts) 
[Movement  of  plate  horizontal.] 

being  similar  to  that  observed  in  singing  flames.     When,  some 
months  later,  opportunity  was  found  of  viewing  the  image  of  the 


1.  Tobey  and  Walbridge  :  Transactions,  Vol.  7.  p.  367. 
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arc  of  an  alternating  current  lamp  in  the  revolving  mirror,  I  was 
prepared  to  witness  the  extinction  of  the  arc  during  a  definite 
part  of  each  alternation.  I  do  not  know  whether  any  member 
of  the  Institute  has  tried  this  simple  experiment.  I  have  seen  no 
description  of  it  anywhere,  although  Wiedemann  mentions  the 


Fig.  6. 'Alternating  arc.  [Movement  of  plate  horizontal.] 
application  of  the  revolving  mirror  to  the  study  of  the  continu- 
ous current  arc\  and  Joubert^  (1880)  makes  brief  mention  of  a 
very  ingenious  application  of  the  plenakistiscope  to  the  study  of 
the  changes  to  which  the  alternating  arc  is  subject,  during  each 
period.  When  such  a  mirror,  mounted  upon  a  vertical  axis,  is 
set  up  at  a  convenient  distance  from  the  lamp,  the  images  of  the 
white-hot  tips  of  the  upper  and  lower  carbons  are  drawn  out  by 
the  revolution  of  the  mirror  into  uniform,  parallel  bands,  extend- 
ing quite  across  the  field  of  view.  The  intervening  narrow 
strip,  much  darker,  is  the  image  of  tlie  arc  itself.  This  region, 
however,  is  not  uniform.  It  consists  of  alternate  patches  of 
purple  and  black,  which  mark  the  intervals  during  which  the  arc 
exists  and  is  extinct. 

Mr.  ItfcMynn's  first  step  in  the  investigation  which  it  is  my 
purpose  to  discuss  in  this  paper,  was  to  photograph  the  arc  under 
conditions  which  would  bring  out  this  phenomenon.     A  camera 


Fig.  6. — Alternating  arc.    [Movement  of  plate  horizental.]    Iligh  speed. 

with  long  bellows  was  set  up  near  the  lamp,  the  distances  from 
plate  to  lens  and  from  lens  to  lamp  being  such  as  to  giveasome- 


1.  Wiedemann ;  EUktricitaet,  4,  p.  855. 

2.  Joubert,  Journal  de  Physique,  Vol.  9,  p.  300. 
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what  enlarged  image  of  the  arc  In  the  focal  plane  an  opaque 
screen  was  mounted,  which  contained  an  opening  just  large 
enough  to  receive  the  image  of  the  carbon  points.  The  appar- 
atus having  been  adjusted,  a  sensitive  plate  was  driven  past  the 
aperture  at  high  speed.  The  photographic  image  differed  from 
that  observed  in  the  revolving  mirror  chiefly  in  the  relative 
brightness  of  the  arc  proper,  and  of  the  incandescent  carbon  of 
the  points.  To  the  eye,  the  latter  is  the  dominant  feature ; 
whereas  the  actinic  image  of  the  arc  far  exceeded  in  intensity 
that  of  the  carbons. 

These  photographs  establish  the  intermittent  character  of  the 
alternating  arc  beyond  question.     They  also  exhibit  in  a  new 


Fio  7. — Alternating  arc.   IMovement  of  plate  vertical  J.    a,  tthowing  oscilla- 
tions due  to  earth's  field,    b.  Showing  oscillations  in  a  stronger  field. 

light  many  interesting  properties  of  the  arc,  some  of  which  are 
already  well-known,  while  others  have  not  been  noted.  Of  the 
many  negatives  already  obtained,  a  few  characteristic  forms  are 
given  in  the  accompanying  plates. 

Figures  8,  4,  5  and  6  show  the  results  obtained  with  plates 
moving  in  a  horizontal  direction,  at  right  angles  with  the  axis  of 
the  carbons  of  the  lamp.  Figure  3  is  an  enlargement  of  one  of 
the  first  negatives  taken.  The  speed  of  the  plate  was  moderate, 
the  size  of  the  image  smaller  than  the  arc  itself.  The  plate  con- 
tains but  little  detail  The  carbons  do  not  appear  at  all  in  the 
photogra])h,  which  shows  little  besides  the  periodic  interruption 
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of  the  arc.  In  later  negatives  the  size  of  the  image  was  greatly 
increased  and  the  plate  was  driven  much  more  rapidly  through 
the  field.  In  many  instances  two  or  more  successive  exposures 
were  made  upon  the  same  negative.  Inspection  of  figures  4,  5 
and  6  shows  that  the  greatest  intensity  resides  neither  in  the 
arc  itself  nor  on  the  incandescent  carbons,  but  in  a  narrow  region 
just  at  the  ends  of  the  arc.  In  this  region,  which,  doubtless,  is 
that  where  the  so-called  "  contact  resistance  "  of  the  arc  occurs, 
the  illumination  is  sometimes  intermittent  as  in  figure  4;  some- 
times nearly  unifonn,  as  in  figures  5  and  6.     The  relative  width 


Fig.  8  — Alternating  Arc  between  cylindrical  carbons.  [Movement  of  plate  ver- 
tical.]   a.  Arc  viewed  from  North  showing  oscillations  due  to 
earth's  field,    b.  Arc  viewed  from  West. 


of  the  intervals  of  darkness  and  of  light  is  also  seen  to  vary 
greatly  under  conditions  not  yet  determined.  Figure  6  repre- 
sents the  highest  rate  of  speed  given  to  the  plate  in  any  of  these 
exposures.  The  image  of  a  single  alternation  was  in  this  case 
extended  almost  across  the  plate.  No  new  features  were  brought 
to  light,  however,  by  this  process  of  magnification. 

Figures  7,  8,  9,  10,  11  and  12  were  obtained  by  driving  the 
plate  vertically  through  the  field,  parallel  to  the  carbons.  An 
unlooked-for  feature  of  all  these  plates  was  the  oscillation  of  the 
arc  from  right  to  left  in  synchronism  with  the  alternation  period. 
Mr.  McMynn  suspected  this  vibration  to  be  due  to  the  action  of 
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the  earth's  magnetic  fields  He  was  able  to  verify  his  view  by 
comparing  photographs  made  with  the  camera  placed  with  its 
optical  axis  in  the  meridian  with  others  in  which  the  arc  was 
viewed  from  the  east  or  west.  The  disturbance  was  most  marked 
in  the  former  position  and  disappeared  almost  entirely  from 
negatives  taken  in  the  latter.  This  point  is  well  illustrated  by 
figure  8  (a  and  b\  which  shows  the  image  obtained  from  the 
north  and  from  the  east.  The  lamp  in  this  case  was  supplied 
with  cylindrical  carbons.  All  the  other  photographs  represent 
the  arc  between  flat  carbons.     In  a  strong  field,  produced  by 


Pig.  9. — Alternating  arc.    [Movement       Fig.  10.—  Alternating  arc.      [Move- 
of  plate  vertical;  arc  in  strong  ment  of  plate  vertical;  arc  in  J 

magnetic  field.]  strong  magnetic  field.]; 

placing  the  arc  nearly  between  the  poles  of  a  horse-shoe  magnet, 
the  lines  of  force  being  perpendicular  to  the  axis  of  the  lamp  and 
parallel  to  that  of  the  camera,  the  vibratory  effect  was  much 
increased.  [See  figure  7  (J)].  The  bearded  appearance  of  the 
arc  in  figures  9,  10  and  11  is  common  to  all  the  negatives  taken 
while  the  arc  was  in  the  strong  field.  The  spines  are  supposed  to 
be  the  paths  of  very  minute  and  highly  incandescent  particles* 
expelled  from  the  arc  at  a  considerable  velocity  under  the  action 
of  the  magnetic  forces.  A  continuous  current  arc,  also  in  a  strong 
field,  the  conditions  being  as  nearly  as  possible  those  under 
which  figures  9,  10  and  11  were  taken,  gave  a  negative  of  which 

1.  It  should  be  noted  that  Casselmann,  as  long  ago  as  1844,  described  the 
deflecting  action  of  the  earth's  field  upon  the  continuous  current  arc.  ^^See 
Pt^ggendorjTs  Annalen.  68,  p.  588. 
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figure  12  is  a  very  imperfect  representation.  The  arc  was  flam- 
ing, and  it  will  be  seen  that  while  the  path  of  the  are  itself  is  an 
unbroken,  straight  trace,' the  flames,  which  show  themselves  to 
the  right  and  left  hands,  are  irregularly  intermittent.  The 
negative  shows,  moreover,  that  the  flame  to  the  right  hand,  in 
the  figure,  is  finely  striated,  reminding  one  of  the  image  of  a 
hissing,  sensitive  gas  flame,  as  the  latter  appears  in  the  revolving 
mirror.     This  vibration,  which  must  represent  a  pitch  of  sevi  ral 


Fio.  11. — Alternating  arc.    [Move- 
ment of  plate  vertical;  arc 
in  a  strong  mag- 
netic field.] 


Fig.  12. — Continuous  current  arc. 
[Movement  of  plate  vertical; 
arc  in  strong  magnetic 
field;  arc  flaming.] 


thousand  vibrations  per  second,  is  in  all  probability  the  cause  of 
the  hissing  of  the  arc. 

In  this  brief  discu'-sion  I  have  left  untouched  many  points 
which  will  suggest  themselves  to  those  who  study  Mr.  McMynn's 
photographs.  The  interpretation  of  many  of  the  features  of 
these  plates  is  at  present  rather  obscure,  but  it  is  hoped  that 
experiments  now  in  progress  will  add  something  to  our  present 
knowledge  of  the  phenomena  connected  with  the  alternating 
electric  arc. 
Physical  Laboratory  of  Cornell  University,  May  9th,  1891. 
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Discussion.^ 

The  Chaibman: — Tlie  paper  is  open  for  dii^cllS8]on.  This  is  a 
subject  that  is  attracting  a  large  auicnnt  of  attention,  and  the 
Chair  trusts  that  the  discussion  will  be  largely  indulged  in. 
Prof.  Thomson  is  present  with  up  this  afternoon,  and  with  his 
extensive  experience  in  such  matters  I  have  no  doubt  we  shall  be 
very  much  edified  to  hear  him. 

Prof.  Elihu  Thomson: — There  are  but  a  few  thoughts  that 
occur  to  me.  I  have  had  the  paper  in  hand  only  for  a  few  mo- 
ments. This  did  not  happen  to  be  one  of  the  papers  I  got  in 
advance.  But  I  would  suggest  that  a  very  good  thmg  to  try  in 
this  connection  would  be  to  actually  produce,  if  possible,  an  arc 
with  a  sine  curve  wave ;  that  is  hold  the  sine  curve  wave  by  a 
large  resistance  in  the  circuit  or  by  self-induction,  and  then  in- 
vestigate the  characters  in  a  similar  manner.  Of  course  the 
presence  of  the  arc  would  probably  deform  the  wave  some.  The 
reason  for  the  curve  of  current  taking  the  form  it  does  is  that,  as 
the  resistance  of  the  arc  falls  with  the  increase  of  current,  natur- 
ally the  moment  the  fall  begins,  the  current  increases  to  a  point 
only  limited  perhaps  by  the  current  capacity  of  the  apparatus 
feeding  the  arc.  The  vertical  line  shown  in  the  curve  of  cur- 
rent with  the  arc,  shows  that  the  moment  the  arc  starts  there  is 
practically  no  limit  to  the  current  which  might  pass  through 
that  arc  if  the  electromotive  force  remained  constant.  Tne 
curve  indicated  by  Prof.  Nichols  would  naturally  be  expected 
to  be  the  form  of  an  alteraating  current — the  curve  of  an  alter- 
nating current  feeding  an  arc.  But  of  course  if  in  the  circuit 
there  should  be  a  considerable  renisiance,  with  a  considerable 
self-induction,  the  curve  would  naturally  change;  that  is,  the 
nearly  vertical  part  would  probably  become  more  sloping  and  an 
approximation  to  a  sine  curve  would  repult. 

There  is  one  matter  in  connection  with  the  photographs  that  T 
may  mention.  It  is  that  I  do  not  think  you  can  argue  absolutely 
that  the  current  stops  or  that  there  is  an  absolute  cessation  of  the 
current  in  the  arc  because  the  photograph  doesn't  show  it.  It 
may  be  that  the  current  flowing  is  so  small  as  not  to  give  actinic 
luminosity  to  the  stream,  but  it  is  also  well  known  that  a  photo- 
graphic plate  to  develop  strongly  requires  a  certain  amount  of 
actinic  work  done  on  it.  Taking  the  ordinary  case  of  a  sens- 
itometer  used  to  determine  the  sensitiveness  of  the  plate,  if  you 
put  over  a  plate  such  a  sensitometer,  consisting  of  a  number  of 
translucent  scjuares,  and  expose  it  to  light  you  will  often  find  a 
strong  development  up  to  a  certain  sensitometic  number,  and 
after  that  a  ouick  change.  That  is,  there  is  a  ceitain  strong  de- 
velopment alter  a  certain  amount  of  exposure,  as  if  the  plate  was 
resistant  up  to  a  certain  point  and  gave  way  when  the  light  had 
reached  the  plate  in  a  certain  amount.     It  may  be,  as  Mr.  Mail- 


1.  By  Messrs.  £.  Thomson  and  Hering. 
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loux  suggests,  a  sort  of  coercive  force  in  the  plate.  I  am  remind- 
ed  of  the  photographs  of  electric  sparks  exhibited  some  few  years 
ago. 

Some  cases  of  the  photograph  of  a  spark  gave  a  reversed  im- 
age, that  is,  a  dark  image  on  a  comparative  light  ground.  Here 
we  have  the  case  of  another  action  of  a  photographic  plate,  which 
is  solarization.  Too  much  light  will  cause  insensitiveness.  Some 
of  the  results  seen  here  may  admit  of  such  an  interpretation.  I 
notice  in  the  lower  part  of  Fig.  5  what  seem  to  be  little  dark 
spaces  in  between  the  wider  black  spaces,  and  in  Fig.  6  this 
seems  rather  startlingly  shown,  and  the  question  here  arises 
whether  it  is  really  due  to  a  drop  in  luminosity,  or  whether  it  is 
due  to  solarization,  but  as  the  curve  of  current  shows  a  dip 
there,  it  probably  is  due  to  drop  in  luminosity  and  not  to  solar- 
ization. Still  this  action  of  solarization  woula  be  a  matter  to  be 
taken  into  account  in  all  these  cases.  The  results  are  certainly 
very  interesting,  and  the  field  of  work  is  one  which  is  certainly 
of  great  interest  to  those  connected  with  the  application  of  arcs 
in  practice.  The  results  certainly  show  that  the  acuteness  or  sharp- 
ness of  the  sound — the  noisiness  of  the  arc — is  increased  by  the  fact 
that  there  is  a  tendency  to  an  absolute  break.  We  can  readily  im- 
agien  that  if  the  curve  of  the  current  was  a  sine  curve  that  the  note 
given  out  would  be  a  very  smooth,  musical  note,  but  in  the  case  be- 
fore us,  where  the  results  seem  to  indicate  almost  an  absolute  break 
in  the  current  we  can  understand  that  the  eflfect  is,  as  it  were,  a 
set  of  lashings  or  snappings  in  the  air  and  the  noise  produced 
would  be  sharper  and  narsher  to  the  ear  in  consequence.  This 
harshness  might  probably  be  ameliorated  by  following  the  sug- 
gestion that  1  made  at  the  start,  as  by  actually  forcing  a  sine 
curve  current  through,  keeping  the  wave  as  near  as  possible  a 
sine  curve.     [Applause] 

Pkof.  Nichols: — I  should  like  to  say  with  reference  to  the 
remark  of  Prof.  Thomson  that  the  photographs  were  secondary 
in  this  case  to  observations  with  tne  revolving  mirror ;  that  I 
should  hardly  have  ventured  to  interpret  photocraphs  alone  be- 
cause 1  am  well  aware  of  the  diflSculty  of  so  doing.  But  a  view 
of  the  arc  in  a  revolving  mirror  makes  it  evident  visually.  All 
that  can  be  said  is  that  the  mass  is  so  very  small  that  it  doesn't 
take  an  appreciable  time  to  cool  below  the  point  at  which  it  gives 
out  light.  That  is  the  meaning  of  extinction  in  the  way  I 
used  it. 

Mb.  Carl  Hebing  : — 1  would  like  to  ask  whether,  in  Fig.  1 2, 
the  slide  was  placed  east  and  west,  or  north  and  south  in  the  mag- 
netic field ;  also  whether  the  current  was  absolutely  steady  like  a 
battery  cuiTent,  or  whether  it  was  of  a  pulsating  character  like 
that  from  a  dynamo.  It  seems  to  me  that  the  effect  might  be 
quite  different  with  a  pulsating  current,  such  as  is  generated  by 
some  of  the  prominent  arc  li^t  machines,  than  with  a  battery 
current  which  is  entirely  free  from  pulsation,      ugtzedby  vji^i^vl^ 
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Prof.  Nichols: — I  would  say  that  Fig.  12  represents  a  con- 
tinuous current  arc  in  the  same  strong  magnetic  field  which  was 
used  in  Figs.  9,  10  and  11,  so  that  the  flaming  on  the  side  shows 
that  there  were  two  elements,  one  moving  in  one  direction  and 
one  in  the  other.  It  was  viewed  in  the  east  and  west  direction 
and  was  under  the  influence  of  an  artificial  field.  The  lines  of 
force  mi^ht  be  considered  as  perpendicular  to  the  paper  and 
horizontal.  The  lamp  was  fed  by  a  current  from  an  Edison 
machine — a  single  lamp  with  resistance  in  series  suflScient  to 
cause  it  to  regulate  properly.  There  was  probably  rather  a 
smooth  current. 

The  Chairman  : — If  there  are  no  further  remarks  on  this  paper 
the  Chair  would  like  to  state  that  Mr.  Pope,  the  Secretary,  nas 
informed  me  that  there  is  a  matter  coining  up  for  consideration 
before  the  Institute  which  is  not  down  on  our  programme,  and 
I  do  not  doubt  that  the  Institute  will  be  very  glad  to  hear  from 
Mr.  Mailloux  in  reference  to  this  matter. 

Mr.  Mailloux  : — Mr.  Chairman  and  gentlemen  of  the  Insti- 
tute :  There  has  been  delegated  to  me  a  duty  which  is  exceed- 
ingly agreeable  were  it  not  for  the  consciousness  which  I  have 
that  1  am  not  quite  adequate  to  carrying  it  out  properly  and 
performing  it  in  a  due  and  satisfactory  manner.  I  think  there 
18  no  member  of  the  Institute  who  has  been  at  all  punctual  in 
attending  the  meetings,  who  does  not  feel  that  the  Institute 
has  been  especially  fortunate  in  its  presiding  officer  during  the 
last  year.  We  all  felt  that  we  had  a  man  at  the  helm  who  was 
not  only  earnest  in  his  endeavors  to  benefit  and  advance  the  wel- 
fare of  the  Institute,  but  who  was  known  to  set  the  example  of 
punctuality  by  being  present  at  every  meeting,  and  whenever  his 
presence  was  recjuired,  even  at  great  personal  sacrifice  and  under 
unfavorable  circumstances,  living  as  he  did  at  a  considerable  dis- 
tance out  of  town.  Further,  all  must  have  noticed  the  impar- 
tial and  business  like  manner  in  which  the  affairs  of  the  Institute 
were  conducted  at  the  meetings.  Some  of  the  members  have 
felt  that  in  that  respect  we  owe  something  more  than  a  vote  of 
thanks  to  Prof.  Antliony,  for  the  manner  in  which  he  has  served 
us  in  the  Institute  during  the  last  year,  and  one  member  partic- 
ularly, who  is  too  modest  to  make  himself  known,  has  put  into 
practical  form  his  appreciation  of  the  services  rendered  by  Prof. 
Anthony.  It  is  to  me  a  great  pleasure  to  have  the  opportunity 
of  expressing  the  admiration  which  I  have  always  had  for  Prof. 
Anthony  as  a  man,  as  our  worthy  presiding  otticer  and  as  an 
American  electrician,  and  I  want  to  put  the  accent  on  the  word 
electrician,  because  we  should  know  that  Prof.  Anthony  had  a 
reputation  as  an  electrician  and  as  a  physicist  long  before  the 
American  Institute  was  known.  He  built  the  farst  Gramme 
machine  in  this  country,  a  historical  incident  that  gives  him  of 
itself  some  notoriety  and  not  a  little  fame.  Prof.  Anthony  also 
sat  by  us  in  the  years  when  the  Institute  needed  ^^J^^^yif^^ft 
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ment  of  men  such  as  he.  You  doubtless  know  that  in  its  early 
days  the  American  Institute  of  Electrical  Engineers  was  re- 
garded by  scientific  men  more  as  a  trade  organization  than  as  a 
scientific  body.  Jt  was  regarded  in  a  somewhat  hostile  spirit  by 
the  persons  who  prefer  to  look  at  electrical  science  from  the  pure 
scientific  and  philosophical,  not  to  say  the  metaphysical  stand- 
point. Hence  it  must  be  to  all  of  us  a  great  satisfaction  to  know 
that  at  some  of  the  first,  if  not  the  first  meetings  of  any  impor- 
tance, we  were  honored  by  a  paper  read  by  Prof.  Anthony  be- 
fore this  Institute.  I  for  one  feel  that  Prof.  Anthony  did  the 
Institute  great  honor  at  that  time,  when  certainly  it  was  not  any 
brilliant  honor  to  him,  and  the  papers  which  he  lias  presented  at 
various  times  before  the  Institute  subsecjuentiv,  tend  to  show  the 
interest  which  he  manifested  in  the  welfare  of  the  Institute. 

The  token  which  our  appreciative  and  perhaps  over-modest 
fellow-member  has  provided  has  taken  the  form  of  a  portrait  of 
Prof.  Anthony,  which  is  to  be  presented  to  the  Institute  as  a 
commemoration  of  the  services  rendered  to  us  and  to  put  on 
record  before  us  in  tangible  f oim  the  remembrance  of  a  most  wor- 
thy presiding  officer,  whose  zealous  and  untiring  devotion  to  the 
interests  of  the  Institute  ever  since  its  foundation,  entitles  him 
not  only  to  remain  in  our  sight,  but  in  the  hearts  of  all  who  have 
appreciation  and  gratitude  for  the  great  good,  which  Prof. 
Anthony  has  done  for  the  Institute. 

I  will  now  ask  the  gentleman  to  unveil  the  picture.  [Ap- 
plause.] 

The  Chairman: — I  am  sure  it  affords  the  Chair  much  pleas- 
ure to  accept  on  behalf  of  the  Institute  this  picture  of  our  Past- 
President,  Prof.  Anthony.  There  is  one  point  which  Mr.  Mail- 
loux,  in  the  course  of  his  remarks  upon  Prof.  Anthony,  did  not 
touch,  and  it  is  one  I  have  heard  his  name  connected  with,  and  I 
think  it  is  due  to  the  gentleman  to  refer  to  it,  and  that  is  in  con- 
nection with  his  interest,  a  pioneer  interest,  in  the  establishment 
of  electro-technical  education,  or  the  technical  course  in  our  pub- 
lic institutions.  The  Chair  also  trusts  that  this  picture  which 
adorns  our  wall,  is  but  the  forerunner  of  others  which  we  shall 
have  the  pleasure  of  looking  up  to.  There  are  Past-Presidents 
who  have  also  honored  this  association,  and  he  does  not  doubt 
that  he  voices  the  feelings  of  every  one  of  the  members  in  saying 
that  before  a  long  time  is  past  he  trusts  that  the  Institute  of 
Electrical  Engineers  will  have  upon  its  walls  the  portraits  of  each 
of  these  Past-Presidents  of  the  society.     [Applause] 

Prof.  Anthony: — May  I  be  allowed  to  say  one  word,  Mr. 
President?  I  was  greatly  taken  by  surprise  when  Mr.  Mailloux 
began  his  speech.  I  had  no  idea  of  what  was  coming  and  it 
seemed  to  me  that  if  the  Institute  or  any  particular  member  who 
wished  his  name  kept  secret,  was  going  to  present  to  me  some 
testimonial  on  account  of  my  coming  down  here  and  attending 
the  meetings  of  the  Institute,  which  it  was  a  pleasure  for  me  to 
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do,  it  was  Boniething  entirely  undeserved,  and  I  am  very  glad  that 
the  matter  has  taken  the  form  that  it  did  take  finally — ^that  our 
friend  has  presented  to  the  Institute  a  portrait,  for  the  benefit  of 
the  Institute  and  not  for  me.  I  certainly  feel  very  much  flattered 
by  the  action  taken,  and  I  am  very  glad  it  vsras  not  a  testimonial 
to  me.     [A^pplause.] 

The  Chairman  : — If  there  are  no  further  remarks, we  will  next 

Sroceed  to  the  paper  by  Mr.  Carl  Ilering — "  A  New   Graphical 
[ethod  of  Calculating  Leads  for  Wiring." 
Mr.  Hering  read  the  following  paper : 
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A   NEW   GRAPHICAL   METHOD   OF   CALCULATING 
LEADS  FOR  WIRING. 


BY  CARL  H BEING. 


The  subject  of  the  calculation  of  leads  for  wiring  has  been 
written  about  in  periodicals  and  books  so  often  that  it  may 
almost  be  necessary  to  preface  this  paper  with  an  excuse  for  again 
bringing  up  at  this  meeting  such  a  simple  and  threadbare  subject. 
The  calculation  of  a  single  pair,  of  leads  is  such  a  simple  matter 
that  very  little  need  or  can  be  said  about  it ;  the  formula,  if  not 
at  hand,  can  be  deduced  about  as  quickly  as  it  could  be  looked  up. 
But  simple  as  this  calculation  is,  if  it  has  to  be  made  not  only 
tens,  but  hundreds  of  times,  a  method  which  shortens  this  work 
may  perhaps  be  of  intereot  to  those  whose  misfortune  it  is  to  have 
much  of  this  uninteresting  work  to  do.  The  following  sugges- 
tions of  a  graphical  method  is  an  attempt  to  reduce  this  work  to 
what  might  be  called  "  machine  methods,"  by  substituting  for  the 
usual  figuring,  a  simple  graphical  device  which  requires  no  figur- 
ing at  all  and  which  is  at  the  same  time  universal  in  its  applica- 
tion, as  it  is  adapted  equally  well  for  any  of  the  many  different 
lamps  in  the  market  to-day. 

Makers  and  users  of  one  particular  lamp  can  readily  calculate 
a  wiring  table  for  that  lamp,  for  each  of  a  few  of  the  usual  losses 
in  the  leads,  and  such  tables  are  often  quite  convenient  for  those 
particular  conditions;  but  it  is  evident  that  they  are  limited 
to  those  fixed  conditions.  Their  scope  can  be  increased  by  making 
simple  reductions,  but  they  may  then  become  dangerous  tools  in 
the  hands  of  many  mechanics  who  may  readily  fall  into  such  errors 
as  multiplying  instead  of  dividing  by  two.  Furthermore,  such 
tables  are  not  generally  applicable  to  branched  leads,  which  ar£ 
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SO  common  in  wiring,  and  mechanics  (they  cannot  be  called  elec- 
tricians) have  frequently  made  the  error  of  determining  from  the 
tables  each  successive  section  of  a  branclu  d  wire  for  the  total  loss. 
It  is  no  wonder,  then,  that  they  can  underbid  their  competitors. 
To  make  a  set  of  tables  large  enough  to  cover  such  fractional  losses 
means  to  multiply  their  number  considerably.  If  in  addition  to 
this,  such  a  set  of  tables  is  to  include  all  the  many  different  lamps 
of  different  makes  and  candle  powers,  it  is  readily  seen  that  the 
number  of  tables  which  become  necessary  would  be  greatly  bur- 
dened by  the  searches  for  the  special  table  required  for  each  cal- 
culation. As  long  as  there  are  lamps  of  such  different  amperage 
and  voltage,  it  would  hardly  be  practicable  to  make  a  universal 
set  of  tables,  especially  when  the  currents  which  the  lamps  take 
are  greater  than  what  is  claimed  for  them. 

Graphical  method?,  therefore,  suggest  themselven,  for  in  tbese 
the  size  of  the  diagrams  does  not  increase  nearly  as  rapidly  for  an 
increased  scope  as  the  number  of  tables  would.  Graphical 
methods  have  been  devised  to  replace  the  tablep,  but  they  have 
not  been  satisfactory  for  various  reasons.  As  early  as  1884  a  dia- 
gram was  devised  by  Emil  Waldstrom,  which  was  universal  in 
its  scope  and  exceedingly  ingenious.  It  was  based  on  logarithmic 
functions  and  gave  not  only  the  cross-section,  but  also  the  diame- 
ter of  the  wire,  for  any  lamps,  distances  or  losses.  But  the  dense 
network  of  lines,  and  the  method  of  using  it,  were  so  compli- 
cated that  only  technically  trained  engineers  would  be  likely  to 
apply  it  in  practice.  In  the  same  year  the  writer  devised  and  used 
a  diagram  totally  different  in  principle,  which  had  the  advantage 
over  the  other  in  being  so  simple  that  it  could  readily  be  under- 
stood ;  in  fact,  it  could  not  be  misunderstood,  as  there  was  only 
one  set  of  diagonal  lines.  It  consisted  merely  of  a  right  angle 
and  a  series  of  diagonal  lines  drawn  through  the  centre,  the  back- 
ground being  cross-hatched.  It  was  not  universal,  however,  as  it 
had  to  be  made  for  each  special  lamp ;  but  it  had  the  redeeming 
fenture  that  any  one  could  readily  make  such  a  diagram  on  cross- 
section  paper  for  any  particular  lamp  and  scope.  This  diagram 
was  described  by  the  writer  in  the  EUctrical  Engineer  of  Janu- 
ary, 1887,  and  is  doubtless  known  to  many,  as  it  has  since  been 
copied  and  published  by  some  one  else  in  a  well-known  book  on 
wiring,  though  without  any  acknowledgement  of  the  true  author- 
ship. This  diagram,  however,  is  only  a  partial  solution  of  the 
problem,  as  it  {xjrforms  only  two  of  the  three  multiplications  and 
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divisions  required  by  the  formula ;  it  is  necessary  first  to  multiply 
arithmetically  the  number  of  lamps  by  the  distance  in  feet,  the 
diagram  will  then  perform  the  remaininfi: multiplication  and  divis- 
ion, both  in  one  operation,  giving  as  the  result  the  size  of  the 
wire  or  the  gauge  number.  To  attempt  to  give  on  a  regular  scale 
the  diameter  of  the  wire  as  distinguished  from  the  cross-section, 
would  require  a  series  of  parabolas  to  be  drawn  ;  this  would  ren- 
der it  practically  out  of  the  question  for  any  one  to  make  the 
diagr  im  himself.  The  simple  device  was  therefore  resorted  to,  to 
use  a  regular  arithmetic  scale  of  cross-sections,  instead  of  diame- 
tei-s  or  gauge  numbers.  All  the  lines  then  become  straight 
diagonals  and  are  therefore  very  easily  drawn.  Furthermore,  the 
different  factors  whicli  enter  into  the  calculations  were  so  placed 
on  the  diagram  that  the  series  of  hyperbolas  called  for  by  the  for- 
mula resolved  themselves  all  into  straight  lines. 

The  objections  to  this  method  were  that  it  required  a  different 
diagram  for  each  different  lamp,  and  that  it  did  not  multiply  the 
number  of  lamps  by  the  distance  in  feet.  The  object  of  the  pres- 
ent diagram  is  to  overcome  these  two  objections.  This  was 
accomplished  by  the  simple  device  of  having  three  of  these 
diagrams  or  sets  of  diagonals  placed  next  to  each  other,  as  shown 
in  the  accompanying  diagram,  so  that  a  line  could  be  followed 
readily  from  one  to  the  other,  thus  enabling  a  series  of  multipli- 
cations and  divisions  to  be  performed.  The  diagrams  might  have 
been  superimposed  on  each  other,  but  this  would  make  a  confusion 
of  lines. 

As  this  same  principle  of  making  a  succession  of  calculations 
graphically  may  be  applicable  equally  well  to  other  formulae  be- 
sides that  for  wiring,  it  may  not  be  out  of  place  here  to  explain 
the  principle  before  showing  how  this  particular  diagram  is  to  be 
used.  The  general  principle  may  be  laid  down  that  for  any  for- 
mula containing  three  variable  quantities,  one  of  which  is  the 
product  or  the  quotient  of  the  other  two,  the  ** curves"  rep- 
resenting their  relative  values  may  always  be  represented  by  a 
series  of  straight  diagonal  lines  drawn  through  the  centre  or  zero 
point.  Such  a  set  of  lines  will  therefore  enable  one  to  make 
any  calculations  graphically  for  that  formula.  For  instance,  horse 
power  is  equal  to  volts  multiplied  by  amperes ;  the  constant  746 
does  not  concern  us  at  present.  A  series  of  diagonal  lines  properly 
spaced  will  therefore  give  directly  either  die  horse  power,  the 
volts  or  the  amperes,  when  the  other  two  are  given.     The  curves 
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may  also  be  made  liyperbolas,  but  it  is  evidently  absurd  tu  draw 
hyperbolas  when  straight  lines  answer  just  as  well  and  are  even 
more  accurate,  as  they  can  be  laid  off  and  drawn  with  great  i>re- 
cision.  Nothwithstanding  this,  such  diagrams  are  often  published 
as  hyperbolas.  The  difference  lies  in  the  disposition  of  the  scales. 
One  scale  is  vertical,  the  other  horizontal,  and  the  diagonal  lines 
(or  the  hyperbolas)  each  represent  one  unit  (or  number  of  units 
of  the  third  scale.  To  make  the  '-curves"  straight  lines,  the 
diagonals  must  be  made  to  represent  one  of  the  two  quantities 
which  is  equal  to  the  quotient  of  the  other  two,  and  not  the  one 
which  is  equal  to  the  product  of  the  other  two,  because  the  curves 
would  then  be  hyperbolas.  In  the  example  given  the  diagonals 
must  represent  volts  or  amperes,  but  not  horse  powers.  The  con- 
stants in  such  formulffi  affect  only  the  positions  of  the  diagonals; 
although  they  increase  considerably  the  work  of  arithmetically 
calculating  the  results,  tliey  do  not  affect  in  the  least  the  graphical 
calculations  after  the  diagrams  are  once  drawli.  For  this  reason 
alone  the  graphical  calculations  are  that  much  simpler. 

Now,  the  general  formula  for  wiring  is  as  follows  : 
^  ^.         current  for  one  lamp  x  number  of  lamps  x  distance  x  constant 

Cross-section  = ; : rr =- 

loss  m  volts 
containing  six  quantities  only,  one  of  which  is  always  constant, 
being  equal  to  twice  the  mil  foot  resistance  of  copper,  if  the  cross- 
section  is  in  circular  mils.  As  we  have  just  seen,  calculations 
involving  three  of  these  five  quantities  may  readily  be  made 
graphically  by  means  of  a  single  set  of  diagonal  lines.  For  in- 
stance, for  any  one  make  of  lamp  the  current  per  lamp  is  a 
constant,  and  may  therefore  be  combined  with  the  other  constant 
as  one ;  if,  furthermore,  the  number  of  lamps  and  distance  be 
multiplied  together  mentally  and  then  used  as  one  quantity,  lamp 
feet,  there  are  then  only  three  variable  quantities  to  the  formula, 
and  calculations  can  then  be  made  by  one  set  of  diagonals.  This 
will  give  the  diagram  mentioned  in  the  early  part  of  this  paper.  But 
a  universal  diagram  must  be  equally  well  applicable  to  any  lamp  ; 
and  as  graphical  calculations  are  so  much  simpler,  more  rapid, 
and  less  liable  to  errors  than  arithmetical  ones,  it  is  preferable  to 
multiply  the  lamps  by  the  feet  graphically  also.  Both  of  these 
may  be  accomplished  by  splitting  up  this  formula  into  smaller 
ones,  each  of  which  contains  no  more  than  three  variable  quanti- 
ties. Each  formula  can  then  be  calculated  separately  by  a  simple 
diagram,  as  described,  thus  permitting  the  whole  formula  to  be 
calculated  graphically.  ^'^'^"^'  '^  ^^^giw 
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To  do  this,  let  the  first  diagram  perform  the  calculation, 

current  for  one  lamp 

loss  in  volte. 

In  which  a?  is  a  mere  auxiliary  quantity.  Let  a  second  similar 
diagram  perform  the  next  calculation  : 

y  =:  a?  X  number  of  lamps  ; 
and  a  third  diagram  the  final  calculation : 

Cross-section  =:y  X  distance. 

The  constant  may  be  combined  with  any  one  of  these,  it  is  imma- 
terial which  one.  This  triple  calculation  may  at  first  seem  to 
complicate  matters  on  account  of  the  new  quantities,  x  and  y, 
I'hese,  however,  are  easily  eliminated  by  the  simple  device  of 
placing  the  three  diagrams  together,  side  by  side,  in  such  a  posi- 
tion that  the  two  x  scales  coincide,  and  similarly  the  two  y  scales. 
By  doing  this,  one  has  merely  to  pass  direct  ly  from  one  set  of  diago- 
nals to  the  next  to  perform  the  successive  steps  of  the  calculation, 
without  being  concerned  about  the  intermediate  auxiliary  quanti- 
ties. These  intermediate  quantities  correspond,  and  are  equal  to 
the  successive  products  or  quotients  which  are  obtained  in  the 
successive  arithmetical  multiplications  and  divisions  of  these  five 
quantities  in  the  formula,  which  cannot,  of  course,  be  eliminated 
in  making  the  calculations  arithmetically,  showing  another  great 
advantage  of  the  graphical  methods.  This  particular  method  of 
performing  the  successive  calculations  is,  of  course,  not  limited 
to  this  formula,  which  is  used  here  merely  as  an  illustration. 
Any  other  formula  which  may  be  pplit  up  into  smaller  ones,  each 
involving  one  multiplication  or  division,  can  be  calculated  graphi- 
cally by  the  same  method. 

In  the  accompanying  diagram  the  formula  just  given  is  repre- 
sented graphically  as  described.  It  will  be  seen  to  consist  of 
three  right  angles  each  with  its  set  of  diagonals  and  a  common 
center.  Each  two  right  angles  have  one  side  in  common  which 
represent  the  quantities  x  and  y,  and  which  thereby  drop  out  of 
consideration.  The  lower  left-hand  diagonals  represent  loss  m 
voltSy  the  upper  left  hand,  number  of  lamps,  and  the  upper  right 
hand,  distances.  The  remaining  two  of  the  five  variables  are 
represented  by  the  startinor  scale  vertically  below  the  center, 
which  represents  the  amperage  of  a  single  lamp,  and  the  last 
scale,  to  the  right  of  the  center,  which  represents  the  final  result, 
namely,  the  cross  section.     The  constant  is  included  in  any  ond^ 
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To  perform  the  graphical  calculations,  simply  follow  from  one 
sc.ile  to  the  next  on  the  cross-lined  background  up  to  the  last 
scale,  the  cross-sections,  which  is  the  final  result  sought  for.  An 
example  is  worked  out  and  illustrated  by  the  broken  line  on  the 
diagram.  Starting  first  with  the  amperage  of  the  particular 
lamp,  .775,  on  the  first  scale,  follow  to  the  left  (see  the  broken 
line)  to  its  intersection  with  the  required  volt  diagonal,  1.0  volt; 
thence  up  to  the  next  diagonals,  the  lamps,  10  lamps ;  thence  to 
the  right  to  the  feet  diagonals,  60  feet ;  thence  down  to  the  scale 
of  cross-sections,  where  the  reading  is  about  8200  circular  mils, 
or  about  a  No.  11  B.  and  S.  wire ;  the  whole  operation  requiring 
about  as  much  time  as  it  would  take  to  start  the  arithmetical 
calculations. 

The  relative  disposition  of  the  scales  is  also  of  importance  in 
such  a  diagram.  For  instance,  the  amperage  of  the  lamp  is 
generally  the  same  for  a  great  many  computations  ;  it  has  there- 
fore been  made  the  first  scale,  so  that  it  can  be  eliminated  from 
all  those  computations  by  drawing  a  horizontal  line,  say  in  red 
ink,  through  this  value  and  then  starting  all  the  calculations  from 
this  line,  thus  saving  that  first  part  of  the  work.  Next  to  the 
amperage  of  the  lamp,  the  loss  in  volts  is  often  the  same  for  many 
calculations ;  the  volt  scale  has  therefore  been  made  the  second 
one,  so  that  it  also  may  be  cut  out  of  these  calculations.  To 
eliminate  this  part,  draw  a  vertical  red  line  through  the  inter- 
section of  the  ampere  and  the  volt  lines.  All  such  calculations 
are  then  started  directly  from  the  intersection  of  this  line  with 
the  lamp  scales.  Finally,  by  the  dotted  lines  drawn  through  the 
last  scale,  as  shown  representing  the  cross-sections  of  the  standard 
wire  gauge  sizes,  the  last  part  of  the  work  is  also  saved.  The 
only  operation  left  to  be  performed,  therefore,  is  to  follow  a 
horizontal  line  from  the  number  of  lamps  to  the  number  of  feet ; 
it  would  hardly  be  possible  to  have  it  simpler.  As  the  majority 
of  calculations  are  made  for  the  same  amperage  and  loss,  this 
represents  the  most  frequent  conditions  under  which  the  diagrams 
would  be  used. 

The  range  of  such  a  diagram  can  evidently  be  made  very  great 
by  having  several  sets  of  numbers  on  the  scales,  each  set  being 
say  ten  times  larger  or  smaller  than  the  other,  the  position  of  the 
diagonals  will  remain  the  same.  My  an  accidental  coincidence 
the  position  of  the  dotted  lines  representing  the  B.  and  S.  gauge 
numbers,  will  also  remain  very  nearly  the  same  io 
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of  circular  mils,  even  though  they  represent  different  gauge 
numbers.  Furthermore,  lamps  and  feet  are  interchangeable  on 
the  diagram.  Although  the  same  diagram  may  have  several  dif- 
ferent sets  of  numbers,  it  is  probably  preferable  to  have  a  separate 
diagram  for  each  set.  A  set  of  three  diagrams,  of  which  the 
accompanying  is  the  first  one,  will  probably  cover  the  usual 
ranges.  For  motor  currents  the  same  diagrams  may  be  used,  by 
assuming  that  the  current  represents  that  number  of  one-ampere 
lamps. 

The  whole  diagram  might  have  been  made  much  smaller  by 
superimposing  the  three  parts  over  each  other,  instead  of  placing 
them  next  to  each  other,  the  principle  remaining  the  same.  The 
three  centres  of  the  diagonals  would  then  be  at  the  three  corners 
of  a  rectangle.  It  wa-^  thought,  however,  that  this  might  cause 
confusion,  owing  to  the  great  multiplicity  of  crossing  lines,  and, 
therefore,  be  a  disadvantage  rather  than  an  advantage. 

There  exists  among  many  persons,  unfortunately  for  them- 
selves, a  prejudice  against  any  graphical  methods  of  calculations. 
They  appear  to  think  that  because  such  methods  do  not  come 
within  the  narrow  scope  of  their  little  multiplication  tables,  they 
must  be  something  very  difficult  and  complicated  which  would 
take  too  much  time  and  trouble  to  master  ;  and  that  such  methods 
are  suited  only  to  professors  and  college  men.  In  point  of  fact, 
graphical  calculations  are  much  simpler  than  ordinary  multipli- 
cation, and  very  muchsimp'er  than  division.  Graphical  methods 
share  this  unwarranted  prejudice  with  other  short  and  simple 
methods  of  calculitions,  such  as  algebra,  the  slide  rule,  logarithms, 
etc.  All  such  short  methods  carry  their  reward  with  tliem  to  such 
persons,  and  only  to  such,  who  take  the  small  amount  of  trouble 
to*  master  them.  No  one  havmg  miny  and  complicated  calcula- 
tions to  make,  will  ever  regret  it,  if  he  spends  a  little  time  in 
becoming  familiar  with  any  or  all  of  these  short  methods  of  cal- 
culating; it  is  his  own  loss  if  he  docs  not  take  advantage  of  their 
existence. 


Discussion.^ 

Dr  F.  a.  C.  Perrine  : — Some  five  years  ago  I  had  occasion  to 
make  a  diagram  of  a  similar  type  to  that  of  Mr.  llering's.  While 
not  quite  so  universal,  I  think  it  might  be  interesting  to  the  as- 
sociation. (Making  a  sketch.)  I  number  these  horizontal  lines 
which  represent  ten  divisions  in  each,  by  the  volts  and  the  lines 
at  right  angles  by  amperes.     I  use  10  as  being  the  most  conveni- 
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ent.  Then  any  diagonal  drawn  will  be  a  line  of  constant  resist- 
ance. If  I  also  number  the  horizontal  linCvS  as  distances,  I  use  as 
convenient  there  20  J  feet.  Then,  for  calculating  any  size  wire 
for  a  ffiven  distance — ^^iven  loss,  given  amperage— I  follow  my 
line  ot  amperes  up  uhtil  I  come  to  the  drop,  and  then  follow  the 
diagonal  along  to  the  line  of  proper  distance  in  feet,  and  these 
vertical  lines  will  correspond  to  the  areas  of  the  wire  accordingly. 
Each  division  will  correspond  approximatelv  to  20,<»00  circular 
mils  and  the  whole  method  of  using  the  table  is  simply  to  draw 
in  a  number  of  diagonals.  If  you  are  working  at  a  constant,  say 
five  volts  loss,  then  you  draw  in  your  five  volt  diagonals  and  you 
simply  have  your  table.  You  take  the  amperage — say  20  amperes 
at  5  volts  drop — that  gives  you  that  diagonal.  For  800  feet  you 
pass  down  the  diagonal  to  this  point,  and  drop  down  here,  and 
this  will  give  you  the  size  of  the  wire  in  circular  mils.  Now,  as 
all  the  wire  manufacturers  publish  tables  of  circular  milages  as 
w^ell  as  diameters,  it  gives  you  the  size  of  wires  practically,  and 
taking  20,000  circular  mils  as  being  the  distance  of  one  of  these 
spaces,  it  will  give  the  small  tenths  equal  to  2,000  circular  mils, 
which  is  equal  to  about  a  No.  1 8  wire.  It  is,  of  course,  exactly 
the  same  formula  that  Mr.  Hering  has  used,  with  the  exception 
that  I  have  taken  as  my  diagonals,  lines  of  constant  resistance 
rather  than  constant  voltages  of  the  lamps.  As  I  say,  I  first 
started  at  this  table  about  five  years  ago  and  it  was  only  last  week 
that  I  succeed  d  in  getting  these  numbers  placed  to  iiiy  satisfac- 
tion. I  had  these  two  lines  reversed  for  the  past  four  years  and 
it  brings  the  area  of  all  the  wires  that  are  ever  used  in  about  that 
space,  but  if  you  simply  turn  them  round  to  bring  the  volts  and 
distances  on  the  same  side,  it  enables  you  to  use  a  20  division 
cross-section  paper  up  to  a  4«»0,000  circular  mil  wire,  and  if  that 
is  not  large  enough  you  can  simply  calculate  your  wire  for  half 
the  distance  and  multiply  by  two.  Then  on  the  line  beneath  this  I 
have  also  calculated  the  carrying  capacities,  so  that  once  finding 
the  wire  of  the  proper  size,  you  look  under  it  and  see  if  it  has 
theproper  carrying  capacity.     [Applause.] 

The  Chairman  : — The  Chair  would  like  to  state  that  Mr.  Ber- 
ing alluded  to  the  fact  that  some  time  agp  he  published  a  table 
which  has  since  been  copied  without  giving  credit  to  its  author. 
I  think  that  is  a  thing  that  has  been  very  frequently  done  in  elec- 
trical matters — in  tact,  much  too  frequently,  and  Mr.  Hering's 
work  in  this  line  is  one  that  has  attracted  universal  attention,  and 
certainly  there  has  been  no  one  who  has  given  it  more  close  atten- 
tion. His  reference  to  the  diagram  by  Mr.  Walstrom,  which 
was  made  in  1884 — from  a  historical  point  of  view — it  calls  to  my 
mind  a  diagram  that  was  made  the  year  previous  to  that  by  Mr. 
Fritsche  of  Berlin,  the  inventor  of  the  Friteche  dynamo.  It  was 
not  universal  in  its  character,  but  in  a  couple  of  lines  I  can  give 
you  an  idea  of  what  it  consisted  of.  I  was  during  the  years  1883 
and  1S84  connected  with  the  Teclmical  Department  of  ^he  Ger- 
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man  Edison  Company,  with  which  Mr.  Fritsche  was  connected 
as  one  of  the  engineers,  and  he  took  some  tables  which  had  been 
calculated  for  wiring  leads  and  used  only  one  type  of  incandes- 
cent lamp  of  one  electro-motive  force.  His  form  of  construction 
of  this  table,  of  which,  by  the  way,  I  have  one  of  the  blue  prints 
in  my  possession,  which  I  will  be  very  pleased  to  show  to  Mr. 
Hering,  or  others,  was  made  in  1883.  (Making  sketch.)  And 
the  table  was,  of  course,  very  similar  in  its  character.  You  take 
an  Edison  incandescent  lamp  of  110  volts,  and  by  taking  this 
table  and  running  the  fingers  up  where  these  two  lines  meet,  it 
would  give  us  the  circular  mils  of  the  wire  for  carrying  a  certain 
number  of  lamps  a  given  distance.  I  think  that  was  the  first 
diagram  of  this  nature  that  was  made,  and  I  take  great  pleasure 
in  placing  the  credit  for  originating  that  in  Mr.  Fntsche's  hands. 
Mr.  If^LLOUx: — I  think  that  all  of  these  methods  really  de- 
pend upon  the  same  principle,  which  is  the  general  principle  of 
the  curve  stated  in  Mr.  Hering's  paper.  The  curve  aescribed  bv 
Dr.  Perrine  can  be  assimilated  to  the  same  thing.  The  only  dif- 
ference comes,  as  I  understand,  in  the  choice  of  the  variable 
quantities  which  are  ascribed  to  the  different  lines,  and  in  his 
case  he  superposes  two  of  the  diagrams.  If  he  had  superposed 
a  third,  it  seems  to  me  that  he  would  have  arrived  at  tlie  same 
result  that  Mr.  Hering  arrives  at  by  putting  the  three  systems  of 
diagrams  together.  This  method  that  you  have  just  aescribed, 
it  seems  to  me,  is  only  one  of  the  same  things,  excepting  that  the 
circular  mils  in  that  case  are  represented  by  the  diagonal  lines, 
which  is  only  another  illustration  of  how  the  different  lines  may 
be  used  to  represent  at  will  different  factors. 

•Mb.  Hebing  : — I  am  very  ^lad  to  hear  of  this  diagram  of  Mr. 
Fritsche.  An  objection  to  it  is  that  you  have  to  follow  two  lines 
to  their  intersection.  If  you  have  a  great  many  calculations  to 
make,  this  is  not  as  simple  as  following  one  line  around  a  comer 
as  in  my  diagram.  The  units  in  Mr.  Fritsche's  diagram  could  be 
changed  about  so  that  instead  of  following  two  fines  you  need 
follow  only  one. 

The  Chaibman  : — I  might  add  that  Mr.  Fritsche  had  at  peri- 
ods placed  dotted  lines  upon  his  chart,  which  assisted  the  eye  in 
following,  and  for  rough  work  they  answer  all  purposes  very 
nicely,  and  by  following  out  the  line  the  calculation  could  be  ar- 
rived at  instantly  by  placing  the  finger  at  the  intersection  of  the 
dotted  lines  If  there  is  no  further  discussion  on  Mr.  Hering's 
paper,  we  will  proceed  to  a  paper  which  is  not  down  under  tne 
afternoon  session.  It  is  "  A  Thermo-Electric  Method  of  Study- 
ing Cylinder  Condensation  in  Steam  Engine  Cylinders,"  and  I 
take  pleasure  in  introducing  to  the  society  the  author.  Prof. 
Edwin  H.  Hall  of  Harvard  Universitv. 
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A   THERMO-ELECTRIC   METHOD  OF  STUDYING 

CYLINDER  CONDENSATION  IN  STEAM 

ENGINE  CYLINDERS. 


BY    EDWI.V    H.    HALL. 


The  subject  of  cylinder  condensation  is  one  that  possibly  would 
come  more  aptly  before  the  mechanical  engineers  tlian  before 
tlie  electrical  engineers,  and  yet  most  electrical  engineers  are  to 
a  greater  or  less  extent  mechanical  engineers,  and  the  time  seems 
not  yet  to  be  near  when  we  can  disfiense  with  the  steam  engine  in 
the  practical  application  of  electricity.  The  methods  for  turning 
the  energy  of  coal  directly  into  electric  currents,  I  believe,  have 
not  yet  been  put  into  application.  The  subject  of  cylinder  con- 
densation is  one  that  has  always  been  prominent  in  the  study  of 
the  steam  engine.  Before  the  time  of  James  Watt,  as  you  are 
all  aware,  at  every  stroke  the  cylinder  was  filled  with  steam  and 
then  it  was  cooled  down  by  pouring  water  on  the  outside  or  by 
admitting  water  into  the  inside,  so  that  whenever  the  steam  was 
admitted  it  found  the  cylinder  cool.  A  large  part  of  the  steam 
admitted  at  every  stroke  was  tunied  into  water  at  once  on  admis- 
sion, and  some  of  it  was  doubtless  turned  back  into  steam  during 
the  stroke,  but  much  of  it  went  out  as  water  in  the  end.  Watt 
introduced  the  independent  condenser  by  means  of  which  the 
steam  is  removed  from  the  cylinder  without  cooling  the  latter 
down  as  it  was  cooled  before  ;  and  yet,  it  is  still  believed  that  a 
very  considerable  part  of  all  the  steam  that  enters  the  cylinder  is 
condensed  upon  the  inner  surface  of  the  cylinder  ;  that  some  of 
this  is  re- evaporated  during  the  stroke,  but  that  a  very  considera- 
ble part  remains  as  liquid  at  the  end  of  the  forward  stroke  and  is 
only  turned  back  into  steam  during  the  back  stroke,  when  it  isjCL 
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disadvantage  rather  than  an  advantage,  for  it  has  to  be  expelled 
by  the  returning  piston.  It  is  considered  that  in  some  engines 
as  much  as  25  per  cent,  of  all  the  steam  that  enters  the  cylinder 
goes  through  the  cylinder  as  water — that  is.  during  the  forward 
part  of  the  stroke.  Writers  upon  steam  engineering  have  devoted 
a  good  deal  of  attention  to  the  discussion,  of  the  cause  of  cylinder 
condensation,  with  perhaps  less  attention  to  suggestions  for  rem- 
edy. The  cause  of  cylinder  condensation  is  this,  that  when  the 
cylinder  is  thrown  into  communication  with  the  condenser,  rapid 
evaporation  takes  place  of  the  water  remaining  on  the  wall,and  that 
rapid  evaporation  under  the  dimin'shed  pressure  cools  greatly  the 
cylinder  wall.  A  little  more  than  two  years  ago  (Jan.  lY,  18SU), 
Mr.  Dickerson  of  New  York,  gave  an  address  before  the  Electric 
Club  of  New  York,  I  think,  in  which  he  advanced  the  proposi- 
tion that  the  peculiar  character  of  the  indicator  card  of  a  steam 
engine,  which  was  supposed  to  show  cylinder  condensation  and 
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re-evaporation,  was  due  to  leakage  by  the  valves— leakage  in  by 
the  valves  at  one  part  of  the  stroke,  leakage  out  by  the  valves  at  an 
other  part  of  the  stroke.  He  made  the  statement  that  the  steam- 
ers in  the  waters  about  New  York  City  would  travel  four  or  five 
miles  an  hour  with  the  valve  between  the  boiler  and  the  cylinder 
closed.  I  do  not  know  how  accurate  that  statement  was.  I  have 
never  seen  any  statement  in  contradiction  of  it.  Mr.  Dickerson's 
paper  excited  my  interest — perhaps  more  than  it  would  have  ex- 
cited my  interest  if  T  had  been  a  trained  steam  engineer.  I  knew 
that  this  was  a  matter  in  controversy  between  steam  engineers  ; 
that  they  were  by  no  means  at  one  as  to  the  amount  of  cylinder 
condensation,  and  by  no  means  in  agreement  as  to  what  caused 
the  cylinder  condensation,  some  believing  that  the  steam  coming 
in  here  at  a  (Fig.  1)  was  co')led  by  contact  with  a  layer  of  water 
remaining  over  from  the  previous  stroke — the  lay^^dQly^at^maxton 
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the  inside  of  the  cylinder.  They  thought  ihat  you  could  hardly  ac- 
count by  the  action  of  the  iron  alone  for  the  very  sudden  condensa- 
tion of  the  large  amount  of  steam  that  is  condensed.  Mr  Diekerson's 
paper,  then,  stimulated  me  to  undertake  an  Investigation  of  this 
matter  in  a  direction  in  which  it  had  not  been  approached  before, 
so  far  as  I  know  Steam  engineers  have  invai'iably,  so  far  as  I 
know,  examined  this  question  by  study  of  the  indicator  card,  ex- 
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amining  the  pressure  at  different  parts  of  the  stroke — the  pres- 
sure and  volume — and  finding  out  how  much  steam  they  indicate. 
Knowing  the  pressure  at  this  part  of  the  stroke,  c  (Fig.  2),  and 
the  volume  occupied  by  the  steam,  we  can  tell  what  weight  of 
steam  there  is  in  the  cylinder  as  steam.  It  is  found  frequently 
that  there  is  more  steam  in  the  cylinder  at  the  end  of  the  stroke 
than  at  the  beginning  of  the  expansion.  According  to  Mr.  Dick- 
erson,  that  was  due  to  the  leakage  by  the  valves  by  which  steam 
was  admitted,  when  the  pressure  in  the  cylinder  fell  low.  It 
seemed  to  me  that  we  might  test  the  question  how  much  heat  en- 
ters the  cylinder  wall  by  a  thermo-electric  method.  Let  this 
line,  i  e^  [Fig.  IJ  represent  the  thickness  of  the  cylinder  wall. 
Now  this,  o,  is  a  hole  which  in  the  engine  which  I  have 
used  is  bored  for  attaching  the  indicator.  It  is  a  hole 
about  three-quarters  of   an  inch   in  diametrr.     The  thickness  of 
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the  wall  is  about  three-quarters  of  an  inch — a  little  more  than 
that.  I  screwed  into  that  hole  a  plug  [Fig.  3]  having  at  one  end, 
^,  a  sKce  of  iron — I  had  steel  at  first — of  known  thickness.  Here  is 
a  hole  going  through  the  plug  to  that  slice.  Here  is  another.  Into 
that  hole  I  put  a  bar  of  antimony,  a  ;  into  this  hole  a  bar  of  bis- 
muth, B  The  two  were  insulated  from  the  plug.  It  is  known 
to  all  of   you  that  bismuth  and    antimony   make   an  excellenit 
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thermo-electric  pair — the  best  that  is  in  practical  use.  If  1  con- 
nect the  antimony  with  the  copper  wire,  $r;  the  bismuth  with  the 
copper  wire,  c,  and  lead  those  wires  to  a  galvanometer,  I  shall 
get  a  current  through  that  galvanometer  whenever  the  two  junc- 
tions here,  a  and  J,  are  at  a  different  temperature  from  the  sec- 
tion where  the  antimony  and  the  bismuth  strike  this  slice  of  iron. 
If  I  put  the  ends  of  these  rods  of  bismuth  and  antimony  into  a 
pot  of  paraflBn  and  heat  that  paraffin,  when  I  get  the  tempera- 
tare  of  these  two  junctions,  a  and  J,  where  the  copper  joins  the 
bismuth  and  antimony,  the  same  as  the  temperature  where  the 
antimony  and  bismuth  strike  the  iron,  the  current  will  cease. 
If  the  temperature  here  is  below  the  temperature  there,  I  get  the 
current  in  one  direction.  If  the  temperature  here  is  higher  than 
the  temperature  there,  I  get  a  current  in  the  opposite  direction. 

That  was  the  beginning  of  the  method.  But  it  presently  oc- 
curred to  me  that  it  would  not  do  to  use  bismuth  and  antimony, 
for  the  reason  that  the  heat  conductivity  of  those  substances  is 
too  different  from  that  of  iron.  My  purpose  was  to  find  what 
the  temperature  was  at  a  certain  thickness  in  the  cylinder  wall  at 
a  certain  part  of  the  stroke.  (I  close  this  circuit,  ^  ^,  at  a  partic- 
ular part  of  the  stroke  by  means  of  a  cam  upon  the  crank.  I 
can  close  the  circuit  at  any  part  of  the  stroke  for  a  short  time.^) 

It  being  my  purpose,  I  say,  to  find  what  the  temperature  is  at 
a  particular  depth  in  the  iron,  I  wished  to  have  that  temperature 
as  exactly  as  possible  what  it  would  be  if  this  iron  were  in  a  nor- 
mal condition — that  is,  if  this  were  in  a  solid  cylinder  instead  of 
being  in  a  prepared  plug.  To  get  that  I  found  it  necessary  to 
have  for  these  bars,  a  and  b  [Fig.  3,]  a  heat  conductivity  which 
was  more  nearly  like  that  of  iron  than  the  heat  conductivity  of 
antimony  and  bismuth  is.  So  I  cast  about  for  some  metal  which 
would  with  iron  itself  make  a  good  thermo-electric  couple,  and 
of  which  the  heat  conductivity  would  be  very  like  that  of  iron. 
Nickel  suggested  itself.  Nickel  and  iron  make  a  very  good 
thermo-electric  pair.  I  determined  to  make  my  plug  in  this  way. 
Here  [Fig.  4,]  is  a  plug  with  a  hole  bored  completely  through  it. 
Here  is  a  slice  of  cast-iron,  s,  ground  to  a  particular  thickness, 

1.  In  my  latest  experiments  the  fly-wheel  has  made  about  60  revolutions  per 
minute,  and  contact  has  lasted  about  one-sixtieth  part  of  a  revolution.  The  cam 
pushes  two  pieces  of  brass  togeiher  without  touching  either  of  them  directly. 
Springs  hold  the  two  slips  of  brass  apart  when  the  cam  is  not  acting. 


Digitized  by 


Google 


240  HALL  ON  CYLINDER  CONDENSATION.  [May  20. 

which  is  screwed  on  at  the  end  of  the  plug,  making  a  steam-tight 
joint — at  least  I  meant  it  to  be  steam-tight.* 

Into  this  hole  I  put  a  core  of  nickel  insulated  from  the  iron 
except  here,  where  it  strikes  the  slice.  The  nickel  is  soldered  to 
the  iron  in  this  way.  Tlie  slice  is  tinned  very  thinly,  the  end  of 
the  nickel  core  is  also  tinned.  The  two  are  heated  very  hot  and 
then  they  are  held  together  in  a  vise  until  they  are  cooled,  so  that 
the  thickness  of  the  solder  there,  is  not  more  than  a  thousandth  of 
an  inch.  The  soldering  was  done  with  the  slice  and  the  nickel 
core  in  place,  tlie  slice  being  screwed  to  the  plug  and  the  core 
being  surrounded  with  a  single  layer  of  paper  to  keep  it  free 
from  the  iron,  except  at  the  bottom  of  the  hole.  Slice  and  core 
were  removed  from  the  plug  after  soldering,  and  the  solder  which 
had  been  squeezed  out  from  the  joint  by  the  action  of  the  vise 
was  carefully  turned  oflE  in  a  lathe.  The  distance  from  the  outer 
end  of  the  core  to  tlie  farther  surface  of  the  slice  was  measured 
carefully  before  soldering  and  after  soldering.  In  no  case  did 
these  measurements  show  the  thickness  of  the  solder  to  be  as  muck 
as  .<'2  mm. 

I  know  very  deiinitely,  then,  the  depth  at  which  the  contact 
takes  place.  Now  as  to  the  heat  conductivity  of  nickel,  I  can 
find  no  data  in  the  books.  I  believe  that  no  information  in  re- 
gard to  it  turned  up  in  my  studies.  But  1  knew  from  the  rela 
tion  of  its  electric  conductivity  to  that  of  iron  that  the  heat  con- 
ductivity ought  to  be  nearly  like  that  of  iron,  for  usually  heat 
conductivity  and  electric  conductivity  go  hand  in  hand.  I  had  to 
have  a  bar  of  nickel  made  to  make  the  determination.  1  had  a 
bar  of  nickel  made  about  a  yard  long  and  about  one  square  inch 
in  cross-section,  and  1  had  considerable  trouble  to  get  it.  I  de- 
termined the  heat  conduciivity  of  that,  by  comparison  with  a 
similar  bar  of  cast-iron  I  found  that  the  heat  conductivity  of 
nickel  is  rather  less  than  that  of  cast-iron,  perhaps  15  or  20  per 
cent,  less",  but  still,  nearer  the  heat  conductivity  of  cast-iron  than 

2.  In  some  of  the  experimeDts  this  joint  was  not  perfectly  tight,  for  water 
was  sometimes  seen  lo  come  out  by  the  core,  n,  before  tl.e  plug  became  hot. 
Generally  upon  such  occasions  the  leaking  appeared  to  cease  when  the  plug 
became  hot.  The  fact  probably  is  that  the  joint  continued  to  leak  slightly  but 
leaked  dry  steam,  the  temperature  at  the  outer  end  of  the  plug  being  about 
109  degrees  C,  and  at  the  inner  end  considerably  higher.  Both  experiment 
and  reason  indicate  that  the  effect  of  such  leakage  upon  tl;e  temperature  found 
was  slight. 

8.  The  nickel  used  was  of  fair  commercial  (juality.     1  am  not  yet  prepared 

to  publish  detai  s  of  the  measurement  of  its  conductivity.  tT/> 
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any  other  metal  that  I  could  get  that  would  make  with  iron  a 
good  thermo-electric  junction.  The  specific  heat  of  nickel  is 
near  that  of  iron,  which  again  is  as  important,  perha{)e,  as  the 
matter  of  the  thermal  conductivity. 

Now  from  the  nickel  core  I  led  a  nickel  wire,  both  being 
made  from  the  same  bar  of  which  1  had  determined  the  conduc- 
tivity ;  from  the  iron  an  iron  wire.  This  and  the  one  of  nickel 
were  slender  bars  about  1 5  cm  long  rather  than  wires  proper. 
[Fig.  4.]  These  are  not  drawn  to  scale.  The  junctions  i  and  7i 
were  put  in  a  pot  of  paraffin  and  I  went  through  the  processes 
which  I  have  indicated  already. 

I  had  three  plugs  like  this  made.  With  one  the  slice  of  iron 
was  half  a  millimeter  thick  (  051  cm.)  with  the  other,  a  millime- 
ter thick  (0.101  cm  ),  with  the  other  two  millimeters  thick  (0.203 
cm).  Let  this  [Fig  *J]  be  the  indicator  card  from  the  engine 
with  which  we  are  making  this  test.  I  used  first  the  plug  with 
the  thinnest  slice,  and  i  found  the  temperature  at  this  depth  of 
iron,  half  a  millimeter,  at  that  part  of  the  stroke,  k  [Fig.  2,J  just 
before  steam  is  admitted.  I  did  the  same  with  the  millimeter 
slice  and  with  the  two  millimeter  slice.  Let  this  line  d  [Fig.  5] 
represent  4  mm.  of  the  thickness  of  the  cylinder-wall,  points  at 
depths  of  ^  mm.,  1  mm.,  and  2  mm  ,  being  marked  upon  it.  Now 
I  plot  a  curve.  (Let  me  say  that  a  part  of  this  is  prophetic ; 
this  curve  I  haven't  been  able  to  plot  perfectly.)  Suppose  that 
distances  out  here  to  the  left  from  the  line  d  represent  excesses 
above  109  degrees — 109  degrees  centigrade  being  the  tempera- 
ture of  the  outer  surface  of  the  cylinder  wall.  With  the  half 
millimeter  slice  at  this  part  of  the  stroke,  k  [Fig.  2,]  I  find  an 
excess  above  109  degrees  of  8  or  9  which  I  will  represent  by  the 
distance  a.  With  the  millimeter  slice  I  find  the  temperature  to 
be  greater  at  this  part  of  the  stroke,  and  1  will  represent  the  ex- 
cess above  lo9  degrees  by  the  distance  h.  With  the  two  milli- 
meter slice  the  temperature  was  not  very  different  from  what  it 
was  with  the  one  millimeter.  Through  the  tops  of  the  lines  a, 
b  and  e  I  draw  a  curve.  (What  1  wish  to  do  some  time  is  to  be 
able  to  plot  a  curve  like  that  giving  the  temperature  all  the  way 
down  here  inside  the  wall  of  the  cylinder  at  this  particular  part 
of  the  stroke.) 

1  made  similar  determinations  for  that  part  of  the  stroke,  c 
[Fig.  2.]  I  found  the  temperature  at  half  a  millimeter  depth  had 
risen  to  131  degrees,  more  or  less.    The  temperature  at  the  depth 
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of  a  millimeter  was  a  little  higher.  This  point,  one-half  mm.  deep, 
had  already  begun  to  cool.  The  fact  is  that  in  my  engine  the  cut- 
off is  like  that  [Fig.  2] — pretty  gradual,  so  that  re-evaporation 
very  likely  begins  before  cut-off  is  complete.  I  suspect,  however, 
that  131^  is  too  low  for  the  temperature  at  a  depth  of  one-half 
mm.  At  the  depth  of  two  millimeters  the  temperature  was  not  as 
high  ae  it  was  at  a  depth  of  one  mm.  At  the  depth  of  two  milli- 
meters in  the  iron  there  was,  however,  a  jump  of  some  4  or  6  de- 
grees centigrade. 

One  of  these  curves  [Fig.  5]  represents  the  condition  of  things 


imm. 


at  this  part  of  the  stroke,  k.  The  other  curve  represents  the  con- 
dition of  things  at  that  part  of  the  stroke,  c.  The  curves  are  by 
no  means  accurate  and  they  are  vQry  incomplete,  but  supposing 
them  made  perfect,  I  have  merely  to  put  on  here  a  planimeter  to 
measure  the  area  between  those  two  curves,  and  it  is  then  easy  to 
determine  how  much  the  heat  in  the  cylinder  at  this  part,  e,  of 
the  stroke  exceeds  the  heat  in  the  cylinder  at  that  part,  ^,  of  the 
stroke,  and  this  excess  of  heat  is  the  heat  which  has  been  given 
up  by  the  steam  to  the  cylinder  wall,  which  has  been  done  during 
the   admission.     Allowance  should  be  made,  of  course,  for  the 
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loss  though  the  wall  meanwhile.  Then  I  can  compare  the  re- 
sult with  the  indicator  cjrd  and  see  whether  the  two  are  in  agree- 
ment. 

1  have  made  some  tests  for  points  at  other  parts  of  the  stroke. 
I  found,  as  I  have  already  stated,  that  at  a  half  millimeter  depth 
the  temperature  at  cut-off  has  already  passed  the  maximum,  that 
it  falls  rapidly  down  here  during  expansion,  and  at  this  part  of  the 
stroke  near  release,  it  is  only  a  few  degrees  higher  than  at  the  end 
of  the  exhaust.  But  the  parts  deeper  in  the  cylinder  are,  of 
course,  slower  to  cool.  In  fact,  the  heat  rushes  into  the  wall  here 
during  admission  ;  then  as  soon  as  the  pressure  is  relieved  the 
water  begins  to  evaporate  from  the  inner  wall  and  the  heat 
ebbs  back  and  is  spent,  some  part  of  it,  in  forming  steam  during 
the  expansion,  but  not  all  of  it.  A  considerable  part  remains  at 
the  end  of  the  stroke  to  be  spent  in  evaporating  water  which  is 
still  clinging  to  the  wall  of  the  cylinder. 

As  I  have  said,  this  research  is  by  no  means  complete,  but  it 
has  gone  far  enough  to  indicate  that  a  very  large  quantity  of 
heat  goes  into  the  cylinder  wall.  A  very  rough  calculation 
from  my  experiments  indicates  that  in  the  engine^  I  am  using 
(Kendall  and  Robert's  10  inch  cylinder  with  15  inch  stroke); 
about  two-thirds  as  much  steam  is  condensed  upon  the  cylin- 
der wall  as  remains  active  at  the  beginning  of  expansion.  I  should 
say  that  two-fifths'  probably,  of  all  the  steam  that  enters 
that  cylinder  is  condensed  upon  the  cylinder  wall  upon  the  first 
quarter  of  the  stroke.  How  much  of  that  is  re-evaporated  during 
the  stroke,  and  so  helps  more  or  less,  I  do  not  yet  know.  Accord- 
ing to  the  indicator  cards  taken  during  the  experiments  with  the 
plugs,  the  weight  of  steam  in  the  cylinder  at  th«  end  of  expan- 
sion is  about  1.25  times  as  great  as  just  after  cut-off.  How  much 
heat  is  absorbed  by  the  layer  of  water  which  remains  over  from 
the  previous  stroke,  I  cannot  tell.  I  think  there  is  some  evidence 
that  a  layer  of  water  does  remain  over  from  the  previous  stroke. 
This  examination  shows,  however,  that  the  iron  is  exceedingly 
effective  in  cylinder  condensation,  and  it  suggests  the  question 
whether  it  is  not  possible  to  coat  the  inner  wall  of  the  engine 
with  something  which  would  prevent,  to  a  considerable  extent, 

4.  This  maximum  pressure  I  get  here,  Fig.  2,  is  about  88  pounds  above  at< 
mospheric,  and  I  use  an  expansion  of  about  8>(  and  about  60  strokes  to  the 
minute. 

5.  This  is  very  likely  an  overestimate:  perhaps  one-third  would  be  safer   T^ 
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this  condensation.  It  is  not  easy  to  find  something  with  which 
one  can  coat  the  rubbing  surfaces  of  the  cylinder,  I  suppose,  but 
there  is  the  end  of  the  cylinder  and  there  is  the  face  of  the  piston, 
and  those  two  surfaces  make,  in  the  case  of  a  short  cut-off,  per- 
haps more  than  half  the  area  which  is  effective  in  this  cylinder 
condensation.  It  doesn't  seem  to  me  at  all  impossible  that  some 
comparatively  non-conducting  material  can  be  found  with  which 
those  surfaces  can  be  coated  so  as  very  materially  to  decrease  the 
cylinder  condensation.  Experiments  for  that  purpose  could 
easily  be  made  with  plugs  of  this  kind.  Instead  of  having  to 
coat  the  whole  cylinder,  one  might  lay  on  this  plug  some  non- 
conducting material  and  see  how  much  difference  that  would 
make  in  the  amount  of  heat  absorbed.  I  haven't  attempted  any- 
thing of  the  kind,  but  it  doesn't  seem  fanciful  to  imagine  that 
something  valuable  might  come  out  of  it,  and  a  very  large  aggre- 
gate saving  in  the  steam  used  in  steam  engines  might  perhaps  be 
made  in  this  way. 

The  research  of  which  I  have  here  given  an  account  has  been 
•carried  on  with  money  from  the  Rumf ord  Fund  of  the  American 
Academy  of  Arts  and  Sciences 

For  indispensable  assistance  in  the  investigation  I  am  indebted 
to  Messrs.  Barron,  Curtis,  Hale,  Kendrick  and  Page,  members  of 
a  class  at  Harvard  College  engaged  in  a  study  of  the  steam'  en- 
gine. 

Discussion.* 

The  Chairman  [Vice-President  Hammer]  : — I  think  it  is 
pretty  generallv  admitted  by  engineers  that  even  with  the  ad- 
vanced Knowledge  of  to-day,  we  do  not  know  everything  that  goes 
on  inside  a  steam  engine  cyh'nder,  and  these  experiments  of  Prof . 
Hall  seem  to  be  highly  original  and  are  certainly  very  interesting. 
I  hope  that  some  of  the  gentlemen  here  who  have  had  a  lar^ 
experience  in  steam  engineering,  will  give  us  the  benefit  of  their 
opinions  upon  these  experiments  of  Prof.  Hall. 

Dr.  W.  E  Geybr  : — I  know  of  some  experiments  where  an 
attempt  was  made  to  effect  that  saving  of  which  Prof.  Hall 
speaks,  by  using  bismuth  in  parts  of  the  cylinder.  Bismuth  is  a 
metal  having  an  extremely  low  conductivity  of  heat,  and  its  spe- 
cific heat  is  also  extremely  low.  Under  the  circumstances,  bis- 
muth would  not  stand  ;  it  would  gradually  grind  away  or  be  torn 
to  pieces  and  would  clog  all  the  apparatus. 

rBOF.  Nichols  : — I  am  not  capable  of  discussing  this  paper 
from  the  standpoint  of  the  steam  engineer,  but  from  the  point  of 


1      By  Messrs.  Geyer,  Nichols,  Hammer  and  Grower.  ^  j 
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view  of  applied  physics  it  is  an  exceedingly  interesting  paper, 
both  on  account  ot  the  line  of  work  and  tlie  method  employed, 
and  on  account  of  the  light  which  this  method  seems  to  throw 
upon  the  problem  of  heat  in  metallic  walls.  I  would  like  to  ask 
rrofessor  Hall  whether,  in  his  opinion,  something  like  lag  is  to 
be  looked  for  in  the  performance  of  a  thermopile  on  this  method. 
Of  course,  this  thermopile  is  subjected  to  rather  rapid  changes  of 
temperature  at  its  junction.  To  what  extent  must  its  sluggish- 
ness be  taken  into  account  in  interpreting  the  indications  of  the 
galvanometer  or  does  not  that  enter  at  all  i  I  have  often  thought 
that  this  must  be  a  factor  which  we  should  take  into  account  in 
attempting  to  measure  fleeting  heat  values  at  the  junction  of-  any 
thermopile.     I  have  never  looked  into  it  with  detail. 

Prof.  Hall: — As  the  thermopile  is  ordinarily  constructed, 
there  would  be  decidedly  a  lag.  A  thermopile  is  ordinarily  con- 
structed in  this  way :  There  is  one  bar,  of  antimony  ;  here  is  the 
bismuth,  and  the  two  are  soldered  together  for  an  indefinite  dis- 
tance. If  you  apply  heat  to  the  ends  you  do  not  know  what  you 
get— that  is.  if  it  is  a  fleeting  thin;:,  as  you  say.  But  you  see 
what  I  have.  T  know  what  my  junction  is.  There  is  a  definite 
surface  of  contact,  save  for  the  very  thin  layer  of  solder  already 
mentioned.  When  the  heat  strikes  that  I  do  not  see  how  there 
can  be  any  lag. 

The  Chairman  [Vice-President  Hammer] : — Would  any  advan- 
tage come  from  the  electrical  welding  of  the  contacts  there  ? 

Prof.  Hali:  : — No,  I  do  not  think  there  would.  I  think  elec- 
trical welding  would  make  the  thickness  of  the  iron  uncertain, 
somewhat.  I  suppose  the  pressure  you  would  have  to  apply  might 
change  it  somewnat.  I  have  a  plug  which  I  propose  to  trv, which 
shall  not  be  sJdered,  the  nickel  core  being  simply  held  by  pres- 
sure against  the  iron  slice — to  see  what  difference  I  shall  get  be- 
tween this  plug  and  the  others.     I  haven't  tried  it. 

Mr.  Gbo.  G.  Grower  : — I  would  like  to  ask  if  it  would  not 
take  an  appreciable  time  for  the  heat  to  penetrate  a  depth  of 
metal  of  half  a  millimeter,  a  millimeter  or  two  millimeters.  I 
should  think  there  would  be  an  appreciable  interval  of  time  of 
penetrating  that  depth  of  metal,  so  that  instead  of  getting  the 
temperature  at  the  portion  of  the  stroke  expected,  it  might  be  at 
an  advanced  portion  of  it 

Prof.  Hall  : — What  I  want  to  know  is ;  not  the  temperature 
there  at  the  inner  surface,  but  the  temperature  here  at  my  junc- 
tion. The  lag  (in  one  sense)  is  the  very  thing  I  am  investigating. 
1  test  that  for  different  depths.  If  I  know  what  the  tempera- 
ture is  here  at  a  certain  depth  at  one  part  of  the  stroke,  and  what 
the  temperature  is  at  the  same  depth  at  another  part  of  the  stroke 
— if  I  can  tell  how  much  heat  has  gone  into  the  iron  between 
one  part  of  the  stroke  and  another  part  of  the  stroke,  that  is  all  I 
want.  T 

Dr.  Perrine  then  read  the  following  paper  i^^'Q^^^^^y^^^g^^ 
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BY  FREDERIC  A.  C.  PERRINE. 

It  18  hardly  necessary  to  give  any  description  of  the  general 
process  of  electric  welding  to  the  Institute  of  Electric  Engineers, 
or  to  follow  Mr.  Lemp's  paper  of  last  year  and  our  interesting 
visit  to  the  factory  of  the  welding  company,  with  a  detailed  de- 
scription of  the  machines.  I  intend  rather  to  speak  of  them  in 
their  actual  use,  and  to  discuss  some  of  the  problems  involved. 

The  plant  with  which  I  have  been  intimately  connected,  though 
not  one  of  th§  heaviest,  is  still  one  making  a  great  number  of 
successful  welds  in  a  day,  and  is  one  in  which  the  joints  are  re- 
quired to  be  of  the  highest  character  and  are  subjected  to  the 
severest  tests.  The  iirst  machine  actually  leased"  by  the  welding 
company  was  taken  by  the  Roeblings ;  but  on  account  of  the 
delay  of  the  engine  builders  it  was  not  in  place  and  running  for 
some  six  months — three  or  four  months  after  other  machines 
were  in  satisfactory  operation.  This  was  of  the  direct  type,  hav- 
ing a  double  winding  on  the  armature,  and  the  welding  done  on 
an  apron  immediately  above  the  collector  terminals  of  the  heavy 
alternating  coils.  The  pressure  was  applied  by  a  liandle  regu- 
lated by  the  workman,  the  projection  also  being  regulated  by  a 
scale  stamped  on  the  cam  of  the  handle.  Though  considered 
crude,  this  machine  did  satisfactory  work,  often  for  twenty-four 
hours  a  day,  and  six  days  in  the  week,  for  about  two  years,  hav- 
ing made  about  370,000  splices  in  telegraph  wire  during  its  use- 
ful life. 

After  the  automatic  machines  were  brought  to  a  reasonable 
perfection,  we  purchased  a  generator  capable  of  welding  up 
to  \  in.   copper  (40,000  watts),   and  installed   one  large  trans-. 
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former  and  seven  smaller  ones  of  capacity  from  No.  4  B.  &  S. 
<5opper  to  No.  18  B.  &  S.  These  have  been  at  the  works  some- 
thing less  than  one  year,  and  show  a  daily  record  of  over  1,000 
welds  in  copper  and  iron  wire- 

Our  attention  was  drawn  to  the  process  at  first  as  a  possible  so- 
lution of  a  very  troublesome  problem  in  preparing  and  packing 
iron  telegraph  wire.  For  the  convenience  of  the  telegraph  com- 
panies, this  wire  must  be  put  up  in  bundles,  measuring  each  ex- 
actly one-half  mile  of  continuous  length.  It  is  very  easy  to  say 
that  the  proper  weight  billets  be  bought  and  the  pieces  kept 
continuous  through  all  the  processes  of  manufacture,  but  as  a  fact 
these  pieces  are  necessarily  irregular  in  original  size  and  are  often 
broken  in  the  process  of  manufacture  and,  in  consequence,  it  has 
long  been  the  custom  to  make  the  proper  weight  bundles  by  re- 
coiling and  splicing  with  the  common  telegraph  or  Lippman's 
joint,  after  the  wire  has  been  galvanized,  jointing  before  galvan- 
izing having  proved  a  failure,  on  account  of  the  acid  carried  over 
into  the  zinc  pans  by  the  great  helix  of  the  joints. 

Singularly  enough,  the  telegraph  companies  which  had  for  so 
long  accepted  as  satisfactory  these  cumbrous  connections,  imme- 
diately commenced  to  complain  of  the  large  burr  left  by  the 
welding  machine,  and  which  we  had  thought  unnecessary  to  re- 
move. An  emery  wheel  solved  this  difficulty,  however,  and  we 
were  then  able  to  defy  them  to  find  the  joint  at  all  After  a  very 
•complete  series  of  tests  on  the  joints  themselves,  the  telegraph 
companies  have  been  finally  satisfied  and  we  are  now  able 
to  make  our  bundles  of  the  proper  weight  and  length  be- 
fore the  galvanizing  is  put  on  and  thus  save  one  rehandling  of 
nearly  our  whole  product,  besides  having  removed  one  of  the 
greatest  difficulties  and  causes  of  complaint. 

"  Shorts,"  as  they  are  technically  termed,  in  copper,  are  of 
course  a  still  more  serious  source  of  loss,  not  only  on  account  of 
the  greater  value  of  the  material,  but  also  on  account  of  the 
greater  liability  of  this  weaker  metal  to  break  in  the  process  of 
drawing,  and  also  on  account  of  the  necessarily  defective  charac- 
ter of  a  joint  in  the  insulation  with  which  copper  wire  is  usually 
covered  when  sent  out  from  the  factory.  Cables,  as  you  all  know, 
must  be  made  in  exact  lengths,  many  of  which  are  often  very 
great,  and  though  a  twisted  soldered  joint  might  be  satisfactory 
at  the  bottom  of  the  sea,  or  covered  by  a  lead  sleeve  in  a  man- 
hole, it  could  not  for  an  instant  be  tolerated  in   the  body   of  a 
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cable  which  must,  before  completion  of  the  cable,  be  passed 
through  exact  dies  for  covering  with  rubber  or  lead.  Before  the 
introduction  of  these  machines,  our  custom  had  been  to  carefully 
scarf  and  fit  the  joint  which  was  then  brazed  with  silver  solder. 
While  this  method  makes  a  strong  joint,  but  little  increased  in 
resistance  and  thoroughly  satisfactory  in  other  respects,  it  has  the 
disadvantage  of  being  rather  slow  and  difficult  to  produce  on  ac- 
count of  the  necessary  care  in  fitting  the  scarfed  ends  as  well  as 
in  soldering  and  finishing. 

Since  last  November  three  boys  on  three  machines  have  made 
respectively  in  this  work  10,570  welds,  7,642  welds  and  20,421 
welds,  the  registers  having  been  taken  on  April  16th.  Every 
weld  is  tested  by  bending  and  straining,  and  if  one  shows  any 
weakness  it  is  quickly  cut  out  and  made  again,  with  the  loss  only 
of  a  very  small  amount  of  time  and  the  royalty  to  the  welding 
company.  In  all  of  our  welding  of  sizes  below  J  inch,  the  ends 
are  prepared  by  cutting  square  across  with  a  pair  of  pliers,  and 
then  setting  the  cuts  at  right  angles  to  each  other,  touching  only 
at  the  centre  from  which  the  heat  radiates  to  the  surface ;  then, 
after  completion  of  the  weld,  the  burr  is  removed  by  an  emery 
wheel  from  the  iron  wire,  and  by  a  file  from  the  copper.  The 
preparation  and  finishing  is  a  little  more  complex  in  the  larger 
sizes,  the  ends  are  filed  to  a  true  butt  and  chamfered  at  the  edges 
and  after  a  reheating  in  separate  clamps  the  burr  of  the  weld  is 
forged  to  the  diameter  of  the  original  rod.  The  necessity  of 
this  will  be  apparent  later  on.  All  of  this  work  is  done  on  either 
soft  steel  or  copper  wire,  and  is  probably  of  the  simplest  charac- 
ter done  on  any  machines  made  by  the  welding  company,  conse- 
quently the  advantages  are  not  so  apparent  as  where  the  welds 
are  difficult  in  character  on  account  of  complicated  shapes. 

More  varied  work  is  done  by  the  companies  of  whose  plants  I 
now  give  slight  descriptions  as  likely  to  prove  interesting. 

Messre.  Seward  &  Son  of  New  Haven,  Conn.,  have  at  work  a 
machine  of  somewhat  universal  character,  its  employment  being 
principally  in  uniting  Norway  iron  to  Swedish  steel  in  such 
shapes  as  are  required  in  carriage  irons  and  fifth  wheels.  In  this 
work  the  burr  is  removed  by  a  drop-hammer  at  the  same  heat  by 
which  the  weld  has  been  made. 

The  crescent  tires  of  the  hundreds  of  bicycles  manufactured 
by  the  Pope  Manufacturing  Company,  are  welded  and  after- 
wards formed  by  dies  at  the   same  heat.     The  material  is  soft 
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steel.  These  people  also  have  a  machine  for  brazing  their  small 
parts. 

Besides  using  the  electric  welding  machine  for  their  telegraph 
wire,  the  Trenton  Iron  Company  of  Trenton,  N.  J.,  have  boldly 
attempted  to  make  a  weld  in  a  wire  rope  to  avoid  the  tedious  and, 
with  their  locked  wire  rope,  impossible  operation  of  splicing. 
The  ordinary  joint  in  a  wire  rope  is  from  ten  to  twenty  feet  in 
length,  and  requires  considerable  skill  on  the  part  of  the  splicer 
and  his  assistants.  The  operation  is  to  re-twist  bunches  of  wire 
from  opposite  strands,  and  to  tuck  the  loose  ends  under  the  ad- 
jacent complete  strands,  which  then  hold  them  in  place.  With 
the  locked  wire  rope,  which  is  itself  but  a  single  strand,  the  only 
successful  method  of  joining  opposite  ends  has  been  to  fasten 
securely  around  each  a  cast-iron  collar,  and  after  abutting  the 
ends  in  a  welding  machine,  to  cement  the  whole  together  and 
afterwards  to  break  oflE  the  cast-iron  collar  leaving  the  rope  as  a 
solid  bar  for  a  short  distance  at  the  weld. 

Among  the  new  solutions  of  old  problems  accomplished  by  ihe 
electric  welding  process,  is  that  of  the  manufacture  of  spinning- 
rings  by  the  Hopedale  Machine  Company  of  Hopedale,  Mass. 
The  desideratum  of  these  rings  is  a  uniformly  hard  surface,  to 
produce  which  the  method  has  been  to  stamp  the  ring  from  a 
sheet  of  metal  and  after  finishing  in  a  lathe,  to  caseharden  the 
whole,  involving,  as  one  would  naturally  see,  the  loss  of  a  con- 
siderable proportion  of  the  original  sheet.  With  a  welding  ma- 
chine it  is  possible  to  form  these  little  rings,  about  2^  inches 
diameter,  from  a  piece  of  bar  iron,  and  after  the  burr  has  been 
reduced  by  a  series  of  dies,  to  finish  as  before,  with  the  result  of 
a  decreased  cost  and  an  equally  satisfactory  product. 

One  of  the  largest  and  most  complete  plants  at  present  in 
operation  is  that  of  the  Stude baker  Bros.  Manufacturing  Com- 
pany of  South  Bend,  Ind.  They  have  at  present  nine  machines, 
one  of  them  for  steel  axles  up  to  1^  inches  square.  After  the 
weld  is  made  it  is  quickly  removed  to  a  drop-hammer  making 
about  300  blows  a  minute ;  then  at  the  same  heat  the  axle  is  set 
ready  for  the  market.  The  test  for  these  axles  is  to  bend  to  90® 
while  hot,  and  then  back  to  alignment.  No  instance  has  yet  been 
reported  of  an  axle  breaking  under  this  test,  which  is  frequently 
made  to  insure  perfect  workmanship. 

They  have  two  machines  for  welding  large  car  tires,  about  4 
inches   wide  and  }  inch  thick,  and  smaller  sizes.     The  weld  Tia 
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made  in  the  usual  way  and  then  quickly  removed  to  a  hammer 
where  by  vertical  and  side  blows  the  burr  is  quickly  removed. 
One  hammer  will  easily  take  care  of  two  welders  in  constant 
operation.  They  also  have  one  machine  for  small  carriage  tires, 
1  inch  by  i  inch,  and  smaller  sizes.  In  this  case  the  burr  is  re- 
moved by  one  blow  of  the  hammer,  after  which  thw  tire  is  set 
cold  by  a  machine  they  call  a  cold  stover, which  embraces  thetire 
on  all  sides  and  by  great,  compression  sets  it  up  to  the  felloe  more 
quickly  and  as  effectually  as  can  be  done  by  shrinking  in  the  old 
method.  This,  of  course,  is  an  immense  strain  on  the  weld,  be- 
ing a  compression  beyond  the  elastic  limit  of  the  metal.  They 
have  two  machines  for  the  hub  bands  which  are  used  on  the 
wagon  wheel,  and  they  are  able  to  turn  out  about  1,200  on  each 
machine.  Besides  these,  there  are  two  or  three  machines  for 
smaller  miscellaneous  work.  All  of  the  metal  use  ]  by  them  is 
either  iron  or  low  grade  steel.  After  the  introduction  of  their 
plant  their  machines  made  360,000  welds  inside  of  six  months. 

Probably  the  heaviest  work  done  at  present  in  electric  weld- 
ing, is  that  of  the  Johnson  Company  of  Johnstown,  Pa.,  who  are 
not,  as  stated  in  the  journals,  welding  long  lengths  of  rails  to- 
gether, since  with  their  continuous  mill  they  already  roll  a  rail 
too  long  to  ship,  but  they  find  economy  in  the  process  in  some 
details  of  their  smaller  manufactures.  As  to  their  results  in  gen- 
eral, they  say  :  •*  We  would  state  that  over  a  year  ago  we  put  in 
one  welder  for  general  work.  The  bulk  of  the  work  done  on 
this  machine  was  work  we  had  totally  failed  to  do  by  hand  weld- 
ing, not  on  account  of  the  diflSculty  of  the  weld,  but  on  account 
of  the  general  unreliability  of  the  result.  The  result  of  a  year's 
use  of  the  electric  welder  was  that  we  have  not  known  one  of  the 
welds  made  by  the  method  to  fail,  and  we  have  closed  contracts 
with  the  welding  company  for  four  40,000  watt  machines  and 
two  80,000  watt  machines,  with  the  intention  of  adopting  the 
method  extensively  in  our  works." 

Agricultural  machinery  has  generally  been  furnished  with  iron 
wheels,  consisting  of  a  malleable  iron  hub  into  which  the  spokes 
are  upset,  and  of  a  rim  into  which  they  are  upset  at  the  opposite 
end.  The  electric  welding  machine  has  given  us  two  new  wheels, 
each  of  which  are  supposed  to  be  preferable  to  the  one  described. 
In  the  first,  manufactured  by  the  Electric  Wheel  Company  of 
Quincy,  111.,  the  hub  is  cast  of  malleable  iron,  with  spokes  about 
3   inches  long.     To  these  are  welded,  by  one  machine,  wrouglit- 
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iron  spokes,  and  again  by  another  machine  these  spokes  are  up- 
set into  the  rim,  which  is  itself  welded  into  a  tire,  the  product 
being  a  wheel  of  which  the  spokes  are  less  liable  to  rattle  loose 
at  the  hub.  The  second  method  is  that  of  Niles  and  Scott,  La 
Porte,  Ind.  The  hub  in  this  case  is  composed  of  two  drop-forg- 
ings  of  low  grade  steel,  grooved  to  receive  tlie  spokes.  One-half 
is  placed  on  the  base  of  the  welder  and  the  spokes  laid  in  their 
grooves  ;  then  the  other  half  of  the  hub  is  put  on  and  the  clamp 
brought  down.  The  current  is  then  applied  and  the  whole,  spokes 
and  hub,  welded  solidly. 

The  Rogers  Typograph  Company,  Cleveland,  Ohio,  are  practi- 
cally welding  brass  to  steel,  making  as  high  as  800  welds  per  day, 
and  thus  effecting  a  great  saving  in  the  manufacture  of  their 
type-setting  and  founding  machines. 

The  hardest  steel  at  present  successfully  worked  by  this  pro- 
cess is  the  welding  of  band  saws  by  the  E.  C.  Atkins  Company 
of  Indianapolis,  Ind.  Besides  the  regular  work  of  making  the 
joint  in  continuous  band  saws,  these  people  have  ingeniously 
adopted  this  method  for  replacing  broken  teeth  in  finished  saws. 
Formerly  they  were  compelled  to  cut  down  to  a  smaller  size  any 
saws  from  which  one  or  two  teeth  had  been  accidentally  broken, 
thus  losing  not  only  the  difference  in  price  between  the  two  saws 
but  also  the  entire  cost  of  labor  in  cutting  the  original  saw.  At 
present  when  a  tooth  is  broken  out,  they  fit  in  it  a  new  tooth, 
which  is  electrically  welded  in  place,  and  a  drop  of  oil  applied 
at  the  completing  of  the  heat  restores  the  temper  to  a  serviceable 
point. 

This,  one  can  readily  see,  is  of  the  greatest  value  in  reducing 
one  of  the  sources  of  imperfect  work. 

Pipe  welding,  which  we  all  saw  successfully  accomplished  at 
the  factory  last  year,  is  put  in  practice  by  the  Pennsylvania  Rail- 
road Company  as  well  as  by  the  Columbus  Iron  Works,  Colum- 
bus, Ga.;  Blymyer  Ice  Machine  Company,  Cincinnati,  Ohio,  and 
the  Electric  Pipe  Bending  Company  of  Harrison,  N.  J.  This 
latter  company  is  engaged  principally  in  manufacturing  long  con- 
tinuous coils  for  ice  machines,  blast  furnace  tuyeres  and  radiators. 
With  this  machinery  they  not  only  weld  extra  heavy  black  pipe, 
but  also  electrically  heat  the  pipe  with  a  machine  28  inches  be- 
tween the  clamps  for  the  purpose  of  bending  to  desired  shapes 
over  pipe  formers. 

With  continuously  spiraled  coils  of  pipe  it  has  been  necessary 
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for  a  smith  to  weld  the  whole  length,  150  to  200  feet,  before  at- 
tempting to  bend  any  portion  of  it,  and  then  after  once  the 
bending  operation  has  commenced,  in  order  to  get  a  uniform 
spiral,  the  heat  is  not  altered  or  the  bending  operation  suspended 
till  the  coil  is  complete.  Under  the  present  electrical  methods 
the  coils  are  continuously  heated  in  a  fire,  and  the  coiling  is  con- 
tinuous while  one  length  of  pipe  is  welded  at  a  time,  the  opera- 
tion being  to  attach  the  welding  machine  to  the  end  of  the  moving 
pipe,  and  while  the  forward  portion  is  undergoing  the  process  of 
bending,  to  weld  on  a  new  length,  which  will  be  accomplished  in 
a  sufficiently  short  time  not  to  interfere  with  the  coiling  appi:ra- 
tus.  In  all  of  this  pipe  welding  the  burr  is  beaten  down  by 
means  of  a  pneumatic  iiammer  which  is  put  in  rapid  motion  by 
the  act  of  closing  it  around  the  pipe,  a  rapid  hammer  having 
proved  much  more  effectual  than  any  i^ress  or  dies.  This  is  prob- 
ably on  account  of  the  more  rapid  cooling  acti-  n  of  the  press, 
since  no  forming  is  attempted  before  the  weld  is  completed  and 
the  current  is  turned  off. 

Three  types  of  machines  of  importance  are  soon  to  be  in  use 
for  the  purpose  of  our  army  and  navy,  and  the  early  recognition 
of  the  importance  of  this  method  of  manufacture,  speaks  well 
for  the  ingenuity  of  our  government  designers. 

In  the  new  wire-wound  guns,  one  of  the  most  important  speci- 
fications for  the  wire  was  that  it  should  be  readily  jointed  by  the 
electric  welding  process,  and  in  the  Crozier  gun  now  construct- 
ing the  wire  will  be  wound  in  one  continuous  piece  under  a  con- 
stant and  heavy  strain.  This  wire  is  one-tenth  inch  square,  with 
180,000  lbs.  breaking-strength,  and  100,000  lbs.  elastic  limit, 
tinned  as  lightly  as  possible.  The  gun  is  to  be  made  by  winding 
the  wire  over  a  steel  tube  and  shrinking  a  ring  over  the  whole 
for  the  purpose  of  longitudinal  strength.  The  welding  procej^s 
is  simply  the  same  as  that  described  for  round  wire,  and  is  re- 
ported as  having  given  satisfactory  results. 

For  the  Charlestown  Navy  Yard,  there  is  about  completed  a  ma- 
chine for  welding  ship  chains  up  to  2  in.  diameter  links.  These 
links  are  formed  in  halves  and  fitted  roughly  to  each  other,  the 
welds  being  made  in  both  sides  at  once  by  the  same  heat,  which 
can  be  regulated  to  force  either  side  at  the  will  of  the  operator. 
When  completed,  both  welds  are  forged  immediately  in  a  die  by 
the  same  hammer.  By  this  method  only  the  points  to  be  welded 
are  heated,  and  as  these  are  immediately  forged  one  could  expert 
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from  the  process  a  nearer  approach  to  the  strength  of  rolled  metal 
tlian  where  the  whole  link  is  heated  in  the  ordinary  fire  to  a  weld- 
ing temperature. 

The  latest  development  for  government  work  is  the  manufac- 
ture of  conical  shells  and  shrapnel  for  the  smaller  armor-piercing 
guns.  With  the  modern  type  of  armor,  a  cast  shell  is  not  of  suf- 
ficient strength  to  resist  the  shock  of  impact  and  in  consequence 
a  chrome-steel  point  is  welded  to  a  tool  steel  body,  embracing  the 
powder  cavity.  This  latter  is  but  small  in  comparison  with  that 
in  the  old  round  shell  of  revolutionary  days,  consequently  the 
accurate  forging  of  the  interior  becomes  correspondingly  diflS- 
cult. 

Cast  shells  are  made  from  the  higher  grades  of  crucible  steely 
but  with  these  the  casting  is  both  ditticultand  uncertain,  necessi- 
tating a  large  amount  to  be  allowed  for  machining  to  a  uniform 
wall  in  the  probable  case  of  a  decentered  core.  The  electrically 
welded  shells  are  made  entirely  of  forged  point,  body  and  base, 
which  may  be  finished  to  approximate  dimensions,  these  requir- 
ing after  Wi  Iding  a  minimum  amount  of  machining.  The  tests 
on  these  shells  have  resulted  in  a  contract  for  a  large  number  un- 
der a  guarantee  uf  the  manufacturing  company. 

This  brief  sketch  of  the  representative  uses  of  the  process,  I 
have  given  not  only  to  show  the  practical  applications  of  electric 
welding,  which  are  undoubtedly  interesting  in  themselves,  but 
with  this  introduction  I  wish  to  call  attention  to  some  of  the  lim- 
itations and  necessary  precautions,  as  well  as  to  the  light  which 
the  results  of  this  method  of  applying  heat  to  the  metals  throws 
upon  some  of  the  obscure  and  disputed  points  of  structure  and 
constitution. 

Welding  in  the  ordinary  sense,  on  an  anvil  by  the  means  of  a 
forge,  is  essentially  the  uniting  of  two  surfaces  of  a  metal  which 
has  previously  been  rendered  plastic  and  which,  under  the  ham- 
mer, can  be  made  to  intermingle  into  a  structure  similar  or  iden- 
tical to .  the  original  metal ;  in  consequence,  this  can  only  be 
accomplished  with  materials  capable  of  passing  into  a  plastic  state 
before  actual  melting  takes  place.  One  of  the  most  familiar  ex- 
amples of  this  weld  to  electrical  men  is  the  common  splice  in  the 
guttorpercha  core  of  a  submarine  cable.  Provided  only  that  the 
surfaces  are  clean,  it  is  possible  to  make  this  material  unite  as 
perfectly  as  before  it  was  cut.  Amorphous  waxes  and  similar 
substances  can  be  treated  by  a  like  method  ;  but  when  we  reach 
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truly  crystalline  materials  it  is  no  longer  possible  to  effect  this 
union  below  the  melting  point,  unless  great  pressures  are  applied. 
In  passing  from  the  one  to  the  other  condition,  we  see  the  phe- 
nomenon of  the  familiar  cementing  of  ice  under  pressure  great 
enough  to  produce  what  is  called  regelation. 

Now,  viewing  metals  in  the  light  of  these  simple  examples,  we 
find  that  it  has  long  been  possible  to  weld  amorphous  iron  under 
moderate  heat,  but  for  the  highly  crystalline  steels  and  other 
metals  a  pressure  high  enough  in  ordinary  practice  has  not  been 
available. 

Welding  cold  has  been  accomplished  in  a  most  striking  manner 
by  Professor  Spring  of  Liege.  Using  small  cylinders  filled  with 
powders  of  highly  crystalline  metals,  he  has  not  only  succeeded 
in  compressing  them  into  compact  bars,  but  has  also  succeeded  in 
making  alloys  with  all  the  characteristics  of  the  same  alloys  pro- 
duced in  the  usual  manner  in  a  crucible.  These  results  go  very 
far  towards  proving  tlie  absolute  possibility  of  a  weld  in  any  ma- 
terial, however  fibrous  or  crystalline.  The  electric  welding  pro- 
cess uses  rather  the  method  of  the  crucible  than  of  the  press,  for 
although  considerable  pressures  are  applied  during  the  operation, 
they  are  not  beyond  the  limits  of  ordinary  forging,  and  the  essen- 
tial difference  is  the  greater  heat  available  at  the  direct  point 
where  it  is  most  needed,  a  heat  which  approaches  and  often 
reaches  the  melting  point  of  the  material.  As  the  pressure  is 
applied  it  is  transmitted  by  the  cold  bar  directly  upon  the  soft- 
ened metal  and  forces  it  to  unite  more  readily.  This  view  of  the 
process  brings  us  at  once' to  some  of  the  most  important  limita- 
tions ;  cast-iron,  cast-steel,  cast-copper,  cast-brass  are  not  changed 
in  their  essential  constitution,  but  are  united  by  a  weld  having  all 
the  characteristics  of  the  original  bar.  Now,  let  us  take  a  bar  of 
rolled  zinc  or  drawn  copper  and  compare  it  with  the  cast  metal. 
We  find  the  crystals,  formerly  large  and  widely  separated,  espe- 
cially in  the  case  of  zinc,  where  often  internal  oxide  stnins  are  per- 
ceptible, are  now  broken  into  minute  fragments,  elongated  and 
united  so  closely  as  to  allow  the  greatest  opportunity  for  the 
action  of  cohesion.  Weld  such  a  metal  as  this,  and  the  joint 
where  broken  will  immediately  show  a  rearrangement  of  the  par- 
ticles into  larger  and  looser  crystals,  similar  to  those  of  the  un- 
worked  metal.  By  repeated  fracture  of  the  bar  you  will  be  able 
to  follow  graduations  of  the  action  till  it  loses  itself. 

A  weld  of  this  character  will  give  a  sufficient  tensile  strength, 
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but  the  brittleness  of  a  coarsely  crystalline  material  has  returned. 
Whether  such  a  joint  is  worthless  is  entirely  a  matter  of  circum- 
stances. With  small  sections  the  action  is  not  perceptible  on  ac- 
count of  the  very  small  length  heated  and  also  because  bending, 
however  short,  does  not  subject  the  metal  to  so  great  a  strain  as 
in  the  case  with  larger  sections.  For  a  rod  to  be  subjected  to  fur- 
ther drawing,  rolling,  or  other  like  processes  of  manufacture,  the 
weld  is  satisfactory,  since  the  subsequent  working  reinstates  the 
metal  to  its  best  condition,  but  for  a  wire  to  be  considered  a  fin- 
ished product  further  manipulation  is  necessary.  In  view  of  this, 
the  later  machines  for  welding  heavy  copper  have  been  provided 
with  reheating  clamps  and  light  rapid  hammers,  by  means  of 
which  the  burr,  after  a  slight  trimming,  can  be  reheated  and 
forged.  In  special  cases  a  further  hammering  cold  is  added. 
Though  this  produces  a  great  improvement  in  the  metal,  it  yet 
leaves  a  good  deal  to  be  desired  where  great  strength  and  plia- 
bility are  required.  To  produce  this  a  further  upsetting  of  the 
metal  throughout  the  whole  heated  space,  and  a  subsequent  forg- 
ing will  be  necessary.  This,  up  to  the  present  time,  has  not  been 
provided  for  and  presents  a  greater  difficulty  than  is  at  first  ap- 
parent, besides  furnishing  a  new  proof  of  the  crystalline  consti- 
tution of  copper.  On  account  of  this  characteristic,  as  is  appar- 
ent on  attempting  upsetting  in  the  welding  machine,  it  offers,  at 
a  red  heat  capable  of  moving  and  rearranging  the  particles,  a 
resistance  so  high  to  compression  that  three  or  four  times  the 
pressure  necessary  for  welding  will  not  have  the  slightest  effect 
towards  increasing  the  diameter  or  upsetting.  With  bronzes  the 
further  difficulty  is  encountered  of  red  shortness  between  the 
molten  temperature  of  the  weld  and  the  malleable  red  tempera- 
ture. That  this  should  be  so  necessary  and  offer  so  many  diffi- 
culties may  seem  strange,  since  the  metal  does  not  apparently 
exceed  the  temperature  of  ordinary  annealing,  and  it  must  be  that 
either  the  passage  of  the  current  by  an  extra  disturbance  helps  to 
rearrange  the  particles,  or  else  the  temperature  is  greater  than  we 
imagine  from  an  observation.  The  latter  explanation  seems  to 
me  to  be  the  more  likely,  since  our  ordinary  observations  are 
made  on  metals  heated  from  an  external  source  and  of  which  the 
■  surface  is  at  the  highest  temperature.  With  the  weld,  however, 
the  source  of  heat  is  internal  and  the  surface  is  undergoing  a 
continual  cooling  from  the  external  air. 

Welds  made  in  the  higher  carbon  steels  are  ^  f  zeJPfe^LAw4c 
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vantage  and  must  be  looked  upon  with  disfavor  unless  provision 
for  upsetting  and  forging  hot  is  provided.  These  disadvantages 
are  especially  apparent  with  steel  wires  of  the  highest  grade, 
where  the  strength  of  the  original  material  has  been  more  than 
doubled  by  tempering  and  drawing.  In  such  cases  it  is  not  or- 
dinarily the  loss  of  tensile  strength  that  is  to  be  feared,  but  the 
increased  liability  to  snap  under  repeated  bendings.  This  is  es- 
pecially important  in  the  case  of  wire  to  be  twisted  into  a  run- 
ning rope  such  as  is  used  on  our  cable  railroads.  From  this  view, 
the  weld  in  a  whole  rope  where  forging  is  impossible,  would  be 
necessarily  defective,  and  though  for  a  standing  rope  I  have  no 
doubt  it  would  be  fairly  successful,  yet  for  a  running  rope  1  be- 
lieve everything  tends  to  prove  it  dangerous.  It  has  been  sug- 
gested as  an  explanation  that  these  effects  are  due  to  the  presence 
of  oxygen  at  the  weld,  producing  suboxide  in  copper  and  reduc- 
ing the  carbon  in  steel.  In  support  of  this  view  the  case  of  the 
application  of  oil  to  the  hard  saw-teeth  is  cited  as  supplying  the 
necessary  carbon  by  its  decomposition.  It  is  undoubtedly  a  fact 
that  by  the  heating  of  these  high-grade  steels  and  subsequent 
s'ow  cooling  some  of  the  combined  carbon  is  changed  to  the 
graphitic  form,  with  a  consequent  loss  of  strength,  and  it  seems 
clear  to  me  that  a  drop  of  oil  at  the  right  moment  serves  to  re- 
store this  or,  in  other  words,  effects  a  tempering.  It  is  almost 
useless  to  attempt  an  explanation  by  a  complicated  chemical  de- 
composition, when  the  simpler  molecular  rearrangement  is  more 
in  accordance  with  the  facts  and  a  more  complete  explanation. 

This  brings  us  to  a  point  where  the  electric  welding  throws 
light  upon  the  actual  production  and  nature  of  burnt  steel.  By 
forcing  the  heat  in  welding,  no  matter  if  rapidly,  this  effect  can 
be  produced  as  thoroughly  as  by  the  means  of  a  fire,  while  if  the 
name  "  burnt "  was  an  accurate  description  and  the  iron  and  car- 
bon oxidized,  a  sufficient  time  would  be  necessary  for  its  penetra- 
tion into  the  centre  of  a  bar  of  metal.  This  agrees  with  and  is  a 
further  confirmation  of  the  most  modem  ideas  about  burnt  metal, 
that  it  is  a  molecular  rearrangement,  and  by  careful  forging  and 
heating  the  metal  can  be  restored  to  its  original  state.  In  this 
case  oxidation  certainly  does  not  take  place,  though  the  action 
may  be  similar  to  metamorphism*  in  rocks ;  steel  being  at  the 
present  day  looked  upon  as  a  mineral,  a  matrix  of  iron  including 
minerals  which  are  generally  compounds  of  iron  with  carbon, 
silicon,  sulphur,  manganese  or  phosphorus.     Under  this  view 
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there  may  be  internal  chemical  rearrangement  at  high  temperature. 
With  carbon  we  know  this  to  be  the  case,  but  I  take  it  as  settled 
by  electrical  heating  that  the  change  is  not  necessarily  an  oxida- 
tion. 

The  welding  of  two  different  materials,  such  as  iron  and  steel 
or  malleable  cast-iron,  presents  another  difficulty  and  possible 
danger.  When  such  a  weld  is  broken  we  find  that  the  pressure 
in  the  plastic  state  has  forced  the  iron  over  the  steel  or  mallea- 
ble, which  has  itself  been  merely  slightly  melted  and  cemented 
to  the  adjacent  particles  of  the  iron.  This  produces  what  might 
be  called  a  reverse  riveting,  the  hot  iron  having  been  upset  over 
the  steel  and  inclosing  it  tightly,  in  the  place  of  having  been  up- 
set in  a  hole  as  in  ordinary  riveting.  Again,  as  in  all  this  work, 
the  tensile  test  is  but  a  poor  test  of  quality,  and  though  a  weld 
may  have  within  ten  or  twenty  per  cent,  the  tensile  strength  of 
one  of  the  original  materials,  it  is  a  fallacy  to  say  that  therefore 
the  weld  is  within  ten  or  twenty  per  cent,  of  the  quality  of  either 
of  them.  Use  here  again  determines  the  serviceableness  of  the 
process. 

•  I  am  tempted  here  to  carry  further  the  discussion  of  the  special 
cases  offered,  but  it  would  only  be  to  apply  over  again  the  obser- 
vation indicated  in  the  foregoing,  and  which  might  be  finally 
stated  tliat  although  the  electric  welding  process  will  not  practi- 
cally splice  everything  from  a  bar  of  magnesium  to  a  steamer 
^haft,  yet  it  enables  us  to  accomplish  results  otherwise  impossible 
and  if  both  the  use  of  the  product  and  the  treatment  of  the  ma- 
terials be  sufficiently  studied,  it  may  be  trusted  in  its  results. 


Discussion.^ 

The  Chairman  (Vice-President  Hammer): — We  shall  have 
great  pleasure,  I  am  sure,  in  listening  to  Prof.  Thomson. 

Pkof.  Thomson  :— I  would  say,  Mr.  President  and  gentlemen, 
that  my  time  has  not  been  very  closely  given  lately  to  the  appli- 
cations of  welding  processes  in  the  arts.  That  department  oi  the 
work  has  been  very  ably  taken  care  of  by  Mr  Lemp, whose  paper 
the  Institute  heard  last  year.  Of  course,  1  have  inspected  the 
machinery  as  each  type  was  brought  out,  and  made  suggestions 
constantly  on  this  or  that  point,  and  may  be  considered,  tnerefore, 
as  a  sort  of  privileged  observer  of  results.  There  are  gentlemen 
here  also  who  may  be  able  to  give  you  more  information  in  re- 
gard to  the  development  of  the  business  than  I.     I  haven't  paid 


By  Messrs.  Thomson,  Hammer,  Maverand  Lock  wood. 
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attention  to  its  details.  I  would  say,  however,  in  general,  that 
the  tendency  in  the  development  of  electric  welding  seems  to  be 
to  produce  new  processes  oi*  to  give  rise  to  new  applications  of 
mechanical  principles,  examples  of  which  are  seen  in  the  wheels 
before  us.  There  we  have  practically  a  development  of  a  system 
of  work  depending  entirely  upon  electric  welding,  and  that 
seems  to  be  the  direction  in  which  it  is  to  grow  most  rapidly. 
Naturally,  when  it  comes  to  supplanting  ordinary  processes  of 
welding,  there  is  that  inevitable  prejudice  to  overcome  and  at  the 
'Same  time  the  reluctance  of  the  manufacturer  to  throw  aside  a 
plant  which  he  already  possesses  and  which  does  his  work  fairly 
— going  to  something  entirely  new — putting  in  an  extensive  elec- 
trical plant  which  he  is  afraid  of,  feeling  that  perhaps  something 
may  iiappen  to  it,  and  it  may  require  repairs.  He  prefers  that  his 
neighbor  shall  get  all  that  kind  of  experience  before  he  takes 
hold  himself.  This  is  very  natural,  indeed,  and  it  simply  means 
that  in  certain  directions  the  electric  welding  operations  will 
probably  be  slower  in  development  than  they  would  otherwise 
be.  But  with  the  special  cases,  many  of  which  you  have  had 
mentioned  in  the  able  paper  presented,  you  can  see  for  yourselves 
that  there  is  a  direct  and  easy  growth. 

In  relation  to  the  wheel  before  us,  in  which  the  cast  hub  is 
joined  to  spokes,  there  is  one  point  that  1  may  mention,  that  the 
possibilities  are  very  well  shown  in  that  wheel,  of  performing  a 
number  of  welds  at  one  operation.  There  we  have  the  spokes 
set  in  place  in  the  machine  and  radiating  towards  the  hub,  and 
the  machine  grasping  the  spokes  and  welding  them  all  at  one 
application  of  current,  so  that  we  have  a  number  of  welds  made 
in  multiple,  as  it  were.  The  other  case  is  an  excellent  example 
of  a  diflferent  procedure,  where  the  spokes  radiate  toward  the 
centre  and  are  caught  and  pinched  between  the  two  surfaces 
which  are  being  welded,  and  are  therefore  securely  fastened. 
These  are  some  examples  of  processes  capable  of  being  per- 
formed in  the  new  art. 

In  regard  to  the  changes  of  structure  which  are  undergone  by 
materials  subjected  to  the  welding  process,  that  was  an  effect  no- 
ticed, of  course,  rather  early.  It  was  particularlv  prominent  in 
the  case  of  hardened  steel,  which  underwent  a  decided  change 
during  the  welding.  Suppose  the  weld  is  made  here  (indicating). 
It  would  natumlly  be  expected  that  whatever  change  was  due  to 
the  application  of  heat  above  a  certain  temperature,  would  be 
found  to  have  occurred  in  this  metal  at  the  weld.  It  would  also 
be  naturally  expected  that  such  action  might  proceed  back  from 
the  weld  a  certain  distance  or,  in  other  words,  that  if  this  bar 
had  been  tool  steel,  made  under  the  hammer  or  in  rolling,  and 
had  l)een  thereby  given  a  certain  texture  by  the  mechanical 
kneading  or  by  the  hammer,  that  a  relaxation  of  such  texture  or 
a  change  of  such  texture  might  occur  for  a  certain  distance  on 
each  side  of  the  weld.     This  is  an  actual  fact.     A  tendency  to 
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eranulate  exists  there.  The  old  idea  was  that  the  steel  was  burnt, 
but  I  have  tried  this  operation  in  a  hydrocarbon  atmosphere  and 
it  occurs  just  as  well  in  the  hydrocarbon  atmosphere,  so  that  it  is 
not  a  burning  process.  It  is  simply  the  relaxation  of  the  mole- 
cules, the  change  of  physical  condition,  or  perhaps  a  different 
chemical  combmation  brought  about  by  the  high  temperature. 
To  a  certain  extent  this  action  occurs  with  other  materials  and, 
of  course,  with  fibrous  drawn  copper  it  is  present.  Any  metal 
whose  properties  depend  upon  the  working,  any  metal  a  portion 
of  the  strength  of  which  is  due  to  having  been  drawn  or  ham- 
mered, of  course  undergoes  that  relaxation  or  rearrangement  or 
tendency  to  granulation  such  as  is  found  in  a  casting  where  the 
metal  has  undergone  the  melting  process  and  has  been  allowed  to 
cool  afterwards.  It  is  also  a  noticeable  thing  that  we  can  take  a 
bar  of  wrought-iron  and  put  it  in  the  welding  clamps  and  pass  a 
current  through  it,  heating  a  portion,  and  so  carry  it  to  such  a 
temperature  beyond  the  welding  temperature,  as  will  actually 
change  its  nature.  The  bar  can  be  made,  by  carrying  it  to  a  suf- 
ficiently high  tem])erature,  to  become  a  spongy  burnt  mass — that 
is,  the  temperature  will  have  been  made  so  high  that  the  iron, 
like  the  steel,  undergoes  a  change  of  condition  and  does  not   re- 


Fig.  1. 

turn  on  cooling.  I  attribute  this  largely  to  the  fact  that  in  the 
ordinary  operations  of  the  working  of  the  iron,  the  temperature 
has  been  below  that  point.  The  iron  has  been  manufactured  be- 
low that  point  in  the  furnace  operations  and  that  when  we  raise 
the  temperature  beyond  the  point  of  the  making  of  the  iron,  we 
set  free  occluded  gases  which  have  been  in  the  iron.  We  make 
the  iron,  as  it  were,  puff  out  in  a  spongy  form  by  setting  free  be- 
tween the  fibres  the  hydrogen  gas,  or  at  least  in  the  substance, 
and  consequently  the  iron  breaks  very  easily  there,  and  if  ex- 
amined it  is  full  of  minute  cavities  wfiich  snow  that  occluded 
gases  have  been  expelled. 

Another  interesting  feature  of  the  welding  operation  has  been 
mentioned,  which  is  that  some  materials  when  put  together  do 
not  mutually  yield  during  the  heating  ;  one,  as  it  were,  overlaps 
the  other — the  reverse  riveting,  as  it  has  been  termed  by  Dr. 
Perrine.  One  melts  or  softens  and  slips  over  the  other,  making 
a  joint  something  like  that  [Fig.  1.1  lor  many  purposes,  that  is 
a  very  strong  joint,  particularly  if  the  burr  or  expansion  is  not 
removed.  There  has  been  no  change  of  form,  or  very  little 
change  of  form  of  one  of  the  bars.  Even  if  one  bar  doesn't 
change  at  all,  the  union  may  still  be  a  perfect  one.     It  may  be 
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that  one  piece,  in  fusing  over  the  other  piece,  has  brought  about 
just  the  same  intimate  relation  of  molecules  of  one  and  the  other 
bar,  as  though  both  had  undergone  a  deformation  or  change. 
But  in  most  cases  it  would  naturally  be  expected  that  the  best 
joint  would  be  produced  by,  as  it  were,  bringing  to  the  front  new 
molecules,  perfectly  clean  and  unchanged  molecules,  from  the  in 
terior,  in  contact  with  the  molecules  of  the  other  bar,  which  are 
also  spreading  and  moving ;  and  this  is  actually  true.  Advan- 
tage has  been  taken  in  a  few  instances,  of  the  kind  of  action  in 
which  one  bar  only  spreads,  to  make  a  joint  something  like  this 
[Fig.  2.]  Cut  a  number  of  steps  in  one  metal  and  cause  the 
other,  as  it  were,  to  dovetail  itself  by  a  simple  flowing  over,  and 
that  in  some  instances  makes  an  excellent  joint.  The  metal  flows 
over  and  fills  the  spaces  all  around,  and  if  they  have  any  tend- 
ency to  unite,  such  as  brass  and  iron  have,  or  braes  and  steel,  of 
course  the  union  is  very  strong. 

Another  point  in  relation  to  the  practical  application  of  elec- 
tric welding,  and  then  I  am  through  ;  and  this  is  that  it  is  curi- 
ous to  notice  how  prejudice  sometimes  stands  in  the  way  of  the 
best  result^.  There  are  undoubted  cases  M'here  the  burr  or  exten- 
sion left  by  the  welding  operation  would  be  best  left  on,  because 

Fig.  2. 

there  is  an  increased  section  there  and  unless  this  section  is  to  be 
very  well  and  heavily  forged,  the  strength  through  the  weld  will 
be  greater  and  the  bar  will  rarely  if  ever  fail  through  the  weld ; 
but  from  the  mere  habit  of  not  seeing  things  done  in  that  way, 
where  the  expansion  would  not  do  any  harm  if  allowed  to  re- 
main, people  want  it  removed.  It  could  in  many  cases  be  forged 
up  to  form  a  handsome  bead,  but  in  most  cases,  on  account  of 
prejudice,  it  must  look  like  the  ordinary  tcarfed  weld  or  it  is  not 
altogether  marketable.  That,  I  think  is  a  temporary  condition 
for  many  instances  of  welding.  It  will  be  gotten  over  finally. 
Dr.  Perrine  has  brought  out  the  fact  in  relation  to  the  telegraph 
wire,  that  where  formerly  they  were  content  to  take  the  double- 
twisted  joint,  with  all  the  metal  which  is  involved,  and  when 
they  got  an  electric  weld  to  take  the  place  of  that  they  were  still 
not  content.  Their  self-induction  was  high  and  notliing  would 
satisfy  them  but  that  the  slight  burr  should  be  removeo,  which 
wa^  of  course  a  simple  thing  to  do,  either  by  forging  it  down  or 
by  i^rinding  it  off. 

One  further  point  in  relation  to  the  upsetting  for  copper,  the 
structure  of  which  has  been  changed.  This  [Fig.  3]  ngure  I 
make  might  re|)re8ent  a  copper  joint  made  of  rather  large  con- 
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Eer.  Now,  naturally  if  that  joint  has  been  formed,  the  copper 
as  been  heated  bacK  here  some  distance  at  a,  on  account  oi  its 
high  conductivity  for  heat,  and  if  that  part  of  the  metal  has  a 
structure  due  to  mechanical  working,  that  structure  is  partly  lost 


FiQ.  a. 

if  not  entirely  lost  at  this  point.  It  is  desirable  on  account  of  the 
resistance  to  strains  reauired  for  some  puposes,  that  it  should  be 
restored.  I  found  in  the  early  days  tnat  I  could,  by  taking  the 
clamps  apart  a  little,  swell  up  a  certain  amount  of  material  and 
then  hammer  the  mass  down  to  its  original  condition  and  get  the 
effect  of  working  back.  But  when  this  comes  to  be  attempted 
on  rather  large  stock,  you  can  readily  see  that  the  |  ower  required 
is  considerable.  We  must  be  able  to  take  hold  of  that  bar  very 
firmly  indeed,and  we  must  have  hydraulic  pressure  without  any  sKp- 
ping,  to  force  up  a  mass  of  material  at  a  ratner  low  temperature,  be- 
cause if  you  heat  it  to  too  high  a  temperature,  the  difficulty  is 
that  vou  do  no  not  upset  the  bar  far  enough  back.  You  require 
to  take  in  almost  the  cold  metal  in  the  upsetting  process  and  then 
forge  it  back  to  the  original  shape  to  get  the  fibrous  structure 
back.  That  probably  can  be  done  by  taking  hold  of  a  sufficiently 
great  length  of  bar  on  each  side  of  the  joint  and  bv  putting  guides 
on  each  side  of  ihe  work,  so  that  it  will  not  buckle  out  of  shape 
and  so  take  hold,  in  other  words,  at  a  number  of  points  by  multi- 
ple clamps  so  as  to  force  the  metal  up  If  we  should  use  notched 
clamps,  tliere  is  an  objection  at  once,  because  we  do  not  want  an 
injury  done  to  the  exterior  surfaces.  We  have  to  use  a  smooth 
clamp,  a  clamp  which  will  not  bite  into  the  material  and  change 
its  surface.  We  would  probably  have  to  take  a  foot  or  more  oi 
the  bar,  plant  it  firmly  in  clamps  fitted  closely  to  the  work  and 
then  force  it,  risking  the  slip  [Fig.  4].     Of  course,  we  cannot  get 
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an  end  pressure  on  a  bar  which  may  be  very  long — 100  or  200  feet, 
or  more  than  that — or  even  a  very  long  coil,  so  tliat  we  have  to  get 
whatever  hold  we  can  by  hydraulic  prepsure  applied  laterally,  and 
risk  any  deformation  that  takes  place.     [Applause.]  j 
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The  Chairman  : — The  electrical  engineers  have  had  to  meet 
from  their  brother  engineers  in  tfie  development  of  tlie  various 
stages  in  the  department  of  electricity,  a  good  deal  of  opposition 
and  cynicism.  The  gas  engineers  we  have  had  to  meet  with 
the  development  of  the  electric  light.     In  the  transmission   of 

?ower  we  have  had  to  meet  the  mechanical  and  civil  engineers, 
'hose  two  departments  of  electricity  have  been  pretty  weil  estab- 
lished and  our  brother  engineers  have  been  converted.  But  to- 
day, to  use  an  expression  of  Prof.  Thomson,  there  is  a  considera- 
ble amount  of  self-induction  present  in  the  minds  of  civil  and 
mechanical  engineers  on  the  subject  of  electric  welding.  We 
would  like  to  have  a  good  many  of  them  here  this  afternoon  and 
show  them  some  of  the  practical  evidences  of  the  commercial 
state  of  the  art  as  it  is  to-day.  This  is  an  important  paper.  It  is 
one  which  should  attract  and  will  attract  a  good  deal  of  attention. 
There  are  gentlemen  here  with  us  who  can  give  us  further  infor- 
mation on  this  subject,  who  we  should  be  very  glad  indeed  to 
hear  from. 

Mr.  Wm.  Maver,  Jr,  : — With  regard  to  the  causes  that  led  to 
the  objections  to  the  burr  left  by  the  electric  weld  in  the  case  of  the 
telegraph  wire,  and  without  knowing  the  exact  cause  in  the  cape  in 
point,  1  would  su^rgest  that  it  may  have  been  due  to  the  fact  that 
the  presence  of  the  burr  prevented  the  free  working  of  the  wire 
in  the  act  of  stringing  on  the  poles.  In  the  case  of  hard  drawn 
copper  wire,  this  was  one  reason  that  led  the  companies  to  forbid 
the  use  of  any  '* splices"  in  the  coil.  Another  reason  was  that 
factory  "splices"  were  found  to  conduce  to  breaks  in  actual  ser- 
vice. Still  another  objection  to  a  certain  form  of  sleeve  joint 
was  that  it  facilitated  permanent  crosses  between  wires  that  other- 
wise would  only  have  been  swinging  crosses. 

Mr.  Lockwood  : — In  common  with  the  remaining  portion  of 
the  audience,  I  have  been  particularly  interested  in  this  subject. 
I  have  watched  it  with  great  interest  from  the  moment  it  was  put 
before  the  public  and  before  the  profession.  But  this  is  the  first 
time  I  have  ever  had  an  opportunity  of  hearing  a  paper  read 
upon  it  or  of  hearing  any  discussion.  I  have  always  been  so  un- 
fortunate as  either  to  be  absent  from  the  country  or  otherwise 
engaged  when  the  matter  has  been  under  consideration.  It  often 
occurs,  I  find,  that  different  paragraphs  in  a  paper  of  this  charac- 
ter will  impress  different  minds  in  a  different  way,  and  the  para- 
graph whicli  made  the  most  impression  upon  my  mind  was  that 
in  wliich  the  union  of  two  pieces  of  gutta  percha  was  referred  to. 
I  find  that  this  paragraph  reads  : 

"  Welding,  in  the  ordinary  sense,  on  an  anvil,  by  means  of  a 
forge,  is  essentially  the  uniting  of  two  surfaces  of  a  metal  whicli 
has  previously  been  rendered  plastic  and  which,  under  the  ham- 
mer, can  be  made  to  intermingle  into  a  structure  similar  or  identical 
to  the  original  metal.  In  consequence  this  can  only  be  accom- 
plished   with   materials  capable  of   passing  into  a  plastic  state 
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before  actual  melting  takes  place.  One  of  the  most  familiar  ex- 
amples of  this  weld  to  electrical  men,  is  the  common  splice  in  the 
gutta  percha  core  of  a  submarine  cable." 

It  goes  on  to  say :  "  Provided  only  that  the  surfaces  are  clean, 
it  is  possible  to  make  this  material  unite  as  perfectly  as  before  it 
was  cut.  Amorphous  waxes  and  similar  substances  can  be  treated 
by  a  like  method,  but  when  we  reach  truly  crystalline  materials  it 
is  no  longer  possible  to  effect  this  union  below  the  melting  point, 
unless  great  pressures  are  applied." 

Well,  Mr.  Chairman,  in  one  period  of  my  checkered  career  I 
was  engaged  in  making  plate  glass.  It  is  rather  difficult  for  me 
to  decide  under  whicn  of  these  classifications  glass  comes. 
Whether  it  is  a  material  that  passes  into  a  plastic  state  before 
melting  takes  place  or  whether  it  is  amorphous  wax  or  similar 
substance  or  whether  it  is  a  truly  crystalline  material.  I  have 
seen  it  in  conditions  which  approximated  to  either  one  of  those 
conditions.  It  certainly  does  before  it  melts,  become  plastic.  I 
would  like  to  ask  whether  the  gentleman  who  wrote  this  paper 
and  who  has  read  this  paper,  can  tell  us  whether  anything  nas 
been  done  in  working  glass  by  electricity  and  wheiher  that  has 
come  within  the  realm  of  his  operations,  or  whether  it  is  likely 
to.     It  is  very  difficult,  of  course,  to  imaoine  how  yon  can  get 

flass  to  be  acted  on  by  electricity,  but  there  are  so  many  things 
one  by  electricity  nowadays  and  so  many  more  things  claimed  to 
be  done  that  I  should  not  be  surprised  if  that  comes  in  one  or  the 
other  cateufory. 

The  Chaikman  : — Perhaps  Prof.  Thomson  has  had  some  exper- 
ience in  this  direction. 

Prof.  Thomsoi^  : — The  only  experiment  that  I  can  recall  at  this 
moment  is  this:  A  tube  of  ^lass  slipped  over  a  platinum  wire 
w'th  current,  and  the  glass  heated  by  tlie  wire  so  that  the  glass 
came  down  and  stuck  to  the  wire.  But  in  the  ordinary  opera- 
tioiM  of  the  work  of  incandescent  lamps,  glass  is  sometimes  ren- 
dered plastic,  as  we  are  quite  well  aware,  and  sometimes  the  heat 
from  tne  filament  or  the  filament  itself  touching  the  side  of  the 
glass  softens  it  and  the  glass  bulges  in  and  makes  holes.  That,  I 
think,  must  be  taken  as  an  instance  in  which  electricity  has  got 
souH^thing  to  do  with  working  glass  the  wrong  way. 

Mr.  IxKiKWOOD : — In  New  Albany,  Ind.,  in  theyt'arl869,while 
working  at  a  window  and  plate  glass  works,  I  found  that  the  only 
w.iy  known  at  that  tin  e  practiced  of  cutting  off  the  end  of  the 
cylinders  which  were  first  blown  and  which  were  to  eventuate  in 
window  glass,  was  to  take  a  portion  of  glass  from  the  pot  on  the 
end  of  a  blow-pipe  or  pincers  and  twi^tit  around  the  end  of  the 
cylinder  for  a  moment,  and  then  take  it  off  and  drop  a  little 
water  on  the  place  where  the  melted  glass  had  been,  ana  the  end 
of  the  cylinder  would  then  cack  off  at  once.  The  cylinders  were 
then  placed  in  the  flattening  oven.  Before  placing  them  in  the 
oven  thouffh,  they  were  run  with  a  red  hot  bar  lengthwise.  Then 
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they  were  placed  in  the  oven  and  when  they  became  plastic  were 
flattened.  Prior  to  that  time  my  electrical  knowledge  had  been 
gleaned  by  telegraphing.  Nearly  every  young  man  at  that  time,who 
was  engaged  in  the  telegraph  business,  had  at  least  invented  a 
button  repeater,  and  when  I  left  the  business  temporarily  I  did 
not  give  up  my  interest  in  electrical  work.  Thus  while  watching 
the  men  takin^^  the  ends  off  these  cylinders  the  way  they  did,  it 
struck  me  that  a  fine  wire,  if  heated  by  the  passing  of  an  electri- 
cal current,  might  be  used  to  take  off  the  ends  of  the  cylinders, 
and  I  invested  all  my  spare  cash  in  a  battery,  and  I  got  enough 
current  to  make  an  iron  wire  red  hot.  It  worked  like  a  charm. 
The  glass  blowers  at  that  moment  looked  upon  me  as  being  some- 
thing of  a  medicine  man.  After  doing  it  two  or  three  times, 
however,  I  found  that  mv  meins  at  that  time  would  not  enable 
me  to  keep  it  up,  although  the  thing  was  done  and  done  well.  I 
speak  of  it  at  this  moment  simply  to  show  that  there  was  an  appli- 
cation of  electricity  to  the  manipulation  of  glass,  and  I  may  fur- 
ther say  that  within  the  last  decade  some  fellow  has  patented  that 
process. 


Fig.  6. 

Prof.  Thomson  : — Mr.  Lockwood's  remarks  do  recall  another 
instance  of  a  somewhat  similar  character.  I  can  illustrate  it  bet- 
ter by  going  to  the  board.  It  depends  on  the  fact  of  glass  not 
being  a  material  which  can  be  made  plastic  at  ordinary  tempera- 
tures. Perhaps  it  is  in  relation  to  its  being  a  brittle  or  crystalline 
material.  You  are  all  familiar,  no  doubt,  with  the  fact  that  an 
iron  bar  can  be  used  to  cut  glass,  whether  it  be  a  cylinder  or 
flat  plate — that  you  can  heat  a  piece  of  iron  red  hot  and  apply 
it  to  a  glass  plate  in  a  proper  way  and  lead  a  crack  all  over 
the  glass  as  desired.  Say  tnis  is  a  piece  of  window  glass  You 
take  an  iron  bar  at  a  low  red  heat,  having  filed  a  notch,  n,  in 
the  edge  of  the  glass  plate.  [Fig.  5.]  Now  you  take  the  iron 
and  put  it  about  \  inch  away  from  the  notch  n,  resting  it  on 
the  plate.  It  is  generally  best  to  have  the  iron  bent  up  a  lit- 
tie  and  the  part  b  red  hot.  You  put  it  near  the  notch  red 
hot,  say  there.  The  crack  starts  for  the  iron  and  stops  there. 
You  keep  moving  the  iron  ahead  and   you  can   cut  the  glass^ 
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into  any  shape  you  want,  leading  the  crack  all  around  in  curves 
or  in  any  other  way;  but  you  must  be  careful  of  one  thing  — 
never  to  return  on  your  tracks  and  try  to  cut  as  at  c,  or  it  will 
break  tlie  plate  irregularly.  Now,  it  occurred  to  me  that  this 
operation  could  be  much  more  easily  done  electrically,  and  so 
I  constructed  an  arrangement  for  heating  a  small  short  wire  and 
I  arranged  a  corresponding  wire  on  the  other  side  of  the  glass, 
on  the  principle  that  it  is  best  to  heat  the  glass  on  both  sides 
and  so  obtain  much  greater  certamty  of  the  result,  and  I  found 
that  with  such  a  tool  I  could  cut  very  thick  glass  with  perfect 
certainty  by  using  the  heated  wires  both  on  the  under  and  up- 
per sides  of  the  glass.  The  glass  would  split  and  follow  tlie 
tool,  the  crack  was  also  started  very  readily.  Another  thing 
developed  at  that  same  time.  I  found  that  I  could  cut  a  bev- 
eled edge  on  glass  by  setting  this  tool  or  wire  which  made 
contact  on  the  upper  side,  at  a  point  offset  from  that  on  the 
other  side,  and  the  crack  would  join  the  two.  I  could  cut 
bevel-edged  discs  in  that  way.  The  bevel  was  not  perfectly 
smooth  or  regular,  but  was  improved  by  simply  grinding  it  a 
little. 

The  Chairman  : — The  hour  is  growing  late,  and  if  there  are 
any  further  remarks  on  this  paper  we  would  like  to  hear  them. 
If  not,  I  would  like  to  call  special  attention  to  the  evening 
sess'on.  There  will  be  a  paper  read  by  Mr.  Nikola  Tesla,  in 
Prof.  Dwight's  room  at  Columbia  College,  this  evening  at  8.30 
p.  m.  The  subject  of  this  paper  will  be  "  Experiments  with 
Alternating  Currents  of  Iligli  Frequency."  Many  of  those  ex- 
periments nave  been  produced  before  some  of  the  gentlemen 
who  are  here  at  the  present  time,  and  they  are  of  an  exceed- 
ingly interesting  character,  and  it  is  hoped  that  every  one  who 
is  nere  now  will  be  present  at  that  lecture  to-night.  In  the 
absence  of  the  President,  Prof.  Bell,  Mr.  Lockwood  will  occupy 
the  Chair. 

The  meeting  then  adjourned  until  8.30  p.  m. 
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The  Chairman  (Vice-President  Thomas  D.  Lockwood) : — I 
have  the  honor  now  of  introducing  to  you  Mr.  Nikola  Tesla,  who 
will  deliver  a  lecture  on  "Experiments  with  Alternating  Cur- 
rents of  High  Frequency."  Members  of  the  Institute  will  recollect 
that  it  was  Mr.  Tesla  who  first  brought  before  the  Institute  and 
the  public  at  large  the  possibility  and  probability  of  electric  motors 
operated  by  alternating  currents.  I  am  quite  sure  that  the  lecture 
he  has  to  give  us  this  evening  and  the  experiments  which  will  il- 
lustrate it,  will  be  worthy  of  our  most  earnest  consideration  and 
our  most  profound  attention.  I  wish  to  call  attention  on  this 
occasion  tx)  the  fact  that  the  circumstance  that  Mr.  Tesla  is  not  an 
American-born  is  only  one  more  ingredient  in  the  history  of 
electricity  which  shows  that  electricity  is  cosmopolitan.  The 
different  mile  stones  of  progress  in  electricity  as  applied  to  the 
arts,  show  us  nothing  more  clearly  than  they  show  that.  From 
the  time  when  electricity  was  given  its  name  by  Gilbert,  to  the 
present,  every  civilized  nation  and  many  individuals  of  many 
nations  have  contributed  to  the  grand  whole. 
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There  is  no  subject  more  captivating,  more  worthy  of  stady 
than  nature.  To  understand  this  great  mechanism,  to  discover 
the  forces  which  are  active,  and  the  laws  which  govern  them,  is 
the  highest  aim  of  the  intellect  of  man. 

Nature  has  stored  up  in  the  universe  infinite  energy.  The 
eternal  recipient  and  transmitter  of  this  infinite  energy  is  the 
ether.  The  recognition  of  the  existence  of  ether,  and  of  the 
functions  it  performs,  is  one  of  the  most  important  results  of 
modem  scientific  research.  The  mere  abandoning  of  the  idea  of 
action  at  a  distance,  the  assumption  of  a  medium  pervading  all 
space  and  connecting  all  gross  matter,  has  freed  the  minds  of 
thinkers  of  an  ever  present  doubt  and,  by  opening  a  new  horizon 
— new  and  unforeseen  possibilities — has  given  fresh  interest  to 
phenomena  with  which  we  are  familiar  of  old.  It  has  been 
a  great  step  towards  the  understanding  of  the  forces  of  nature 
and  their  multifold  manifestations  to  our  senses.  It  has  been  for 
the  enlightened  student  of  physics  what  the  understanding  of 
the  mechanism  of  the  firearm  or  of  the  steam  engine  was  for 
the  barbarian.  Phenomena  upon  which  we  used  to  look  as 
wonders  baffling  explanation,  we  now  see  in  a  different  light. 
The  spark  of  an  induction  coil,  the  glow  of  an  incandescent 
lamp,  the  manifestations  of  the  mechanical  forces  of  currents  and 
magnets  are  no  longer  beyond  our  grasp  ;  instead  of  the  incom- 
prehensible, as  before,  their  observation  suggests  now  in  our 
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minds  a  simple  mechanism,  and  although  as  to  its  precise  nature 
all  is  still  conjecture,  yet  we  know  that  the  truth  cannot  be  much 
longer  hidden,  and  instinctively  we  feel  that  the"understanding 
is  dawning  upon  us.  We  still  admire  these  beautiful  phenomena, 
these  strange  forces,  but  we  are  helpless  no  longer ;  we  can  in  a 
certain  measure  explain  them,  account  for  them,  and  we  are 
hopeful  of  finally  succeeding  in  unraveling  the  mystery  which 
surrounds  them. 

In  how  far  we  can  understand  the  world  around  us  is  the  ulti- 
mate thought  of  every  student  of  nature.  The  coarseness  of  our 
senses  prevents  us  from  recognizing  the  ulterior  construction  of 
matter,  and  astronomy  this  grandest  and  most  positive  of  natural 
sciences,  can  only  teach  us  something  that  happens,  as  it  were,  in 
our  immediate  neighborhood ;  of  the  remoter  portions  of  the 
boundless  universe,  with  its  numberless  stars  and  suns,  we  know 
nothing.  But  far  beyond  the  limit  of  perception  of  our  senses 
the  spirit  still  can  guide  us,  and  so  we  may  hope,  that  even  these 
unknown  worlds — infinitely  small  and  great— may  in  a  measure 
bscome  known  to  us.  Still,  even  if  this  knowledge  should  reach 
us,  the  searching  mind  will  find  a  barrier,  perhaps  forever  unsur- 
passable, to  true  recognition  of  that  which  seems  to  be,  the  mere 
appearance  of  which  is  the  only  and  slender  basis  of  all  our 
philosophy. 

Of  all  the  forms  of  nature's  immeasurable,  all-pervading  en- 
ergy, which  ever  and  ever  changing  and  moving,  like  a  soul  an- 
imates the  inert  universe,  those  of  electricity  and  magnetism  are 
perhaps  the  most  fascinating.  The  effects  of  gravitation  (-f  heat 
and  light  we  observe  daily,  and  soon  we  get  accustomed  to  them, 
and  soon  they  lose  for  us  the  character  of  the  marvelous  and 
wonderful ;  but  electricity  and  magnetism,  wdth  their  singular 
relationship,  with  their  seemingly  dual  character  unique  among 
the  forces  in  nature,  with  their  phenomena  of  attractions,  repul- 
sions and  rotations,  strange  manifestations  of  mysterious  agents, 
stimulate  and  excite  the  mind  to  thought  and  research.  What  is 
electricity,  and  What  is  magnetism  ?  These  questions  have  been 
asked  again  and  again.  The  most  able  intellects  have  ceaselessly 
wrestled  with  the  problem  ;  still  the  question  has  not  as  yet  been 
fully  answered.  But  while  we  cannot  even  to-day  state  what 
these  singular  forces  are,  yet  we  have  made  good  headway  to- 
wards the  solution  of  the  problem.  We  are  now  confident  that 
electric  and  magnetic  phenomena  are  attributable  to  ether,  and 
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we  are  perhaps  justified  in  saying,  that  the  effects  of  static  elec- 
tricity are  effects  of  ether  under  strain  and  those  of  dynamic 
electricity  and  electro-magnetism  effects  of  ether  in  motion. 
Bat  this  still  leaves  the  question,  as  to  what  electricity  and  mag- 
netism are,  unanswered 

First,  we  naturally  inquire,  What  is  electricity,  and  is  there 
such  a  thing  as  electricity  i  In  interpreting  electric  phenomena, 
we  may  speak  of  electricity  or  of  an  electric  condition,  state  or 
effect.  If  we  speak  of  electric  effects,  we  must  distinguish  two 
such  effects  opposite  in  character  and  neutralizing  each  other,  as 
observation  shows  that  two  such  opposite  effects  exist.  This  is 
unavoidable,  for  in  a  medium  of  the  properties  of  ether,  we  can- 
not possibly  exert  a  strain,  or  produce  a  displacement  or  motion 
of  any  kind,  without  causing  in  the  surrounding  medium  an 
equivalunt  and  opposite  effect.  But  if  we  speak  of  electricity, 
meaning  a  thing^  we  must,  I  think,  abandon  the  idea  of  two  elec- 
tricities, as  the  existence  of  two  such  things  is  highly  improbable. 
For  how  can  we  imagine  that  there  should  be  two  things,  equiv- 
alent in  amount,  alike  in  their  properties,  but  of  opposite  char- 
acter, bath  clinging  to  matter,  both  attracting  and  completely 
neutralizing  each  other?  Such  an  assumption,  though  suggested 
by  many  phenomena,  thouajh  most  convenient  for  explaining 
them,  has  little  to  commend  it.  If  there  is  such  a  thing  as  elec- 
tricity, there  can  be  only  one  such  thing,  and,  excess  and  want  of 
that  one  thing,  possibly,  but  more  probably  its  condition  deter- 
mines the  positive  and  negative  character.  The  old  theory  of 
Franklin,  though  falling  short  in  some  respects,  is,  from  a  certain 
point  of  view,  after  all,  the  most  plausible  one.  Still,  in  spite  of 
this,  the  theory  of  the  two  electricities  is  generally  accepted,  a& 
it  apparently  explains  electric  phenomena  in  a  more  satisfactory 
manner.  But  a  theory  which  explains  better  the  facts  is  not 
necessarily  true.  Ingenious  minds  will  invent  theories  to  suit 
observation,  and  almost  every  independent  thinker  has  his  own 
views  on  the  subject. 

It  is  not  with  the  object  of  advancing  an  opinion,  but  with  the 
desire  of  acquainting  you  better  with  some  of  the  results,  which 
I  will  describe,  to  show  you  the  reasoning  I  have  followed,  the 
departures  I  have  made — that  I  venture  to  express,  in  a  few  words, 
the  views  and  convictions  which  have  led  me  to  these  results. 

I  adhere  to  the  idea  that  there  is  a  thing  which  we  have  been 
in  the  habit  of  calling  electricity.     The  question  is,  What  is  that 
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thing?  or,  What,  of  all  things,  the  existence  of  which  we  know, 
have  we  the  best  reason  to  call  electricity  ?  We  know  that  it  acts 
like  an  incompressible  fluid ;  that  there  must  be  a  constant  quan- 
tity of  it  in  nature ;  that  it  can  be  neither  produced  nor  destroyed ; 
and,  what  is  more  important,  the  electro-magnetic  theory  of  light 
and  all  facts  observed  teach  ns  that  electric  and  other  phenomena 
are  identical.  The  idea  at  once  suggests  itself,  therefore,  that 
electricity  might  be  called  ether.  In  fact,  this  view  has  in  a  cer- 
tain sense  been  advanced  by  Dr.  Lodge.  His  interesting  work 
has  been  read  by  everyone  and  many  have  been  convinced  by  his 
arguments.  His  great  ability  and  the  interesting  nature  of  the 
subject,  keep  the  roader  spellbound ;  but  when  the  impressions 
fade,  one  realizes  that  he  has  to  deal  only  with  ingenious  explana- 
tions. I  must  confess,  that  I  cannot  believe  in  two  electricities, 
much  less  in  a  doubly  constituted  ether.  The  puzzling  behavior 
of  the  ether  as  a  solid  to  waves  of  light  and  heat,  and  as  a  fluid 
to  the  motion  of  bodies  through  it,  is  certainly  explained  in  the 
most  natural  and  satisfactory  manner,  by  assuming  it  to  be  in 
motion,  as  Sir  William  Thomson  has  suggested ;  but  regardless 
of  this,  there  is  nothing  which  would  enable  us  to  conclude  with 
certainty  that,  while  a  fluid  is  not  capable  of  transmitting  trans- 
verse vibrations  of  a  few  hundred  or  thousand  per  second,  it 
might  not  be  capable  of  transmitting  such  vibrations  when  they 
range  into  hundreds  of  million  millions  per  second.  Nor  can 
any  one  prove  that  tliere  are  transverse  ether  waves  emitted 
from  an  alternate  current  machine,  giving  a  small  number  of 
alternations  per  second ;  to  such  slow  disturbances,  the  ether,  if 
at  rest,  may  behave  as  a  true  fluid. 

Ketuming  to  the  subject,  and  bearing  in  mind  that  the  exist- 
ence of  two  electricities  is,  to  say  the  least,  highly  improbable, 
we  must  remember,  that  we  have  no  evidence  of  electricity,  nor 
can  we  hope  to  get  it  unless  gross  matter  is  present.  Electricity, 
therefore,  cannot  be  called  ether  in  tlie  bi*oad  sense  of  the  term  ; 
but  nothing  would  seem  to  stand  in  the  way  of  calling  electricity 
ether  associated  with  matter,  or  bound  ether ;  or,  in  other  words, 
that  the  so-called  static  charge  of  the  molecule  is  ether  associated 
in  some  way  with  the  molecule.  Looking  at  it  in  that  light,  we 
would  be  justified  in  saying,  that  electricity  is  concerned  in  all 
molecular  actions. 

Now,  precisely  what  the  ether  surrounding  the  molecules  is, 
wherein  it  differs  from  ether  in  general,  can  only  be  conjectured. 
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It  cannot  differ  in  density,  ether  being  incompressible ;  it  must, 
therefore,  be  under  some  strain  or  in  motion,  and  the  latter  is  the 
most  probable.  To  understand  its  functions,  it  would  be  neces- 
sary to  have  an  exact  idea  of  the  physical  construction  of  matter, 
of  which,  of  coarse,  we  can  only  form  a  mental  picture. 

But  of  all  the  views  of  nature,  the  one  which  assumes  one 
matter  and  one  force,  and  a  perfect  uniformity  throughout,  is  the 
most  scientific  and  most  likely  to  be  true.  An  infinitesimal 
world,  with  the  molecules  and  their  atoms  spinning  and  moving 
in  orbits,  in  much  the  same  manner  as  celestial  ])odie8,  carrying 
with  them  and  probably  spinning  with  them  ether,  or  in  other 
words,  carrying  with  them  static  charges,  seems  to  iny  mind  the 
most  probable  view,  and  one  which,  in  a  plausible  manner,  ac- 
counts for  most  of  the  phenomena  observed.  The  spinuing  of 
the  molecules  and  their  ether  sets  up  ether  tensions  or  electro- 
static strains;  the  equalization  of  ether  tensions  sets  up  ether 
mjtions  or  electric  currents,  and  the  orbital  movements  produce 
the  effects  of  electro  and  permanent  magnetism. 

About  fifteen  years  ago.  Prof.  Rowland  demonstrated  a  most 
interesting  and  important  fact,  namely,  that  a  static  charge  car- 
ried around  produces  the  effects  of  an  electric  current.  Leaving 
out  of  consideration  the  precise  nature  of  the  mechanism,  which 
produces  the  attraction  and  repulsion  of  currents,  and  conceiving 
the  electrostatically  charged  molecules  in  motion,  this  experimen- 
tal fact  gives  us  a  fair  idea  of  magnetism.  We  can  conceive 
lines  or  tubes  of  force  which  physically  exist ;  being  formed  of 
rows  of  directed  moving  molecules ;  we  can  see  that  these  lines 
must  be  closed ;  that  they  must  tend  to  shorten  and  expand,  etc. 
It  likewise  explains  in  a  reasonable  way,  the  most  puzzling  phe- 
nomenon of  all,  permanent  magnetism,  and,  in  general,  has  all 
the  beauties  of  the  Ampere  theory  without  porsessing  the  vital 
defect  of  the  same,  namely,  the  assumption  of  molecular  cur- 
rents. Without  enlarging  further  upon  the  subject,  I  would  eay, 
that  I  look  upon  all  electrostatic  current  and  magnetic  phenom- 
ena as  being  due  to  electrostatic  molecular  forces. 

The  preceding  remarks  I  have  deemed  necessary  to  a  full 
understanding  of  the  subject  as  it  presents  itself  to  my  mind. 

Of  all  these  phenomena  the  most  important  to  study  are  the 
current  phenomena,  on  account  of  the  already  extensive  and  ever- 
growing use  of  current  for  industrial  purposes.  It  is  now  a  cen- 
tury since  the  first  practical  source  of  current  has  been  produced, 
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and,  ever  since,  the  phenomena  which  accompany  the  flow  of 
currents  have  been  diligently  studied,  and  through  the  untiring 
efforts  of  scientific  men  the  simple  laws  which  govern  them  have 
been  discovered.  But  these  laws  were  found  to  hold  good  only 
when  the  currents  are  of  a  steady  character.  When  the  currents 
are  rapidly  varying  in  strength  quite  different  phenomena,  often 
unexpected,  present  themselves,  and  quite  different  laws  hold 
good,  which  even  now  have  not  been  determined  as  fully  as  is 
desirable,  though  through  the  work  principally  of  English  scien- 
tists, enough  knowledge  has  been  gained  on  the  subject  to  enable 
us  to  treat  simple  eases,  which  now  present  themselves  in  daily 
practice. 

The  phenomena  which  are  peculiar  to  the  changing  character 
of  the  currents  are  greatly  exalted  when  the  rate  of  change  is  in- 
creased, hence  the  study  of  these  currents  is  considerably  facili- 
tated by  the  employment  of  properly  constructed  apparatus.  It 
was  with  this  and  other  objects  in  view  that  I  constructed  alter- 
nate current  machines  capable  of  giving  more  than  two  million 
reversals  of  current  per  minute,  and  to  this  circumstance  it  is 
principally  due  that  I  am  able  to  bring  to  your  attention  some  of 
the  results  thus  far  reached,  which  I  hope  will  prove  to  be  a  step 
in  advance  on  account  of  their  direct  bearing  upon  one  of  the  most 
important  problems,  namely,  the  production  of  a  practical  and 
efficient  source  of  lie^ht. 

The  study  of  such  rapidly  alternating  currents  is  very  interest- 
ing. Nearly  every  experiment  discloses  something  new.  Many 
results  may,  of  course,  be  predicted,  but  many  more  are  unfore- 
seen. The  experimenter  makes  many  interesting  observations. 
For  instance,  we  take  a  piece  of  iron  and  hold  it  against  a  mag- 
net. Starting  from  low  alternations  and  running  up  higher  and 
higher,  we  feel  the  impulses  succeed  each  other  faster  and  faster, 
get  weaker  and  weaker,  and  finally  disappear.  We  then  observe 
a  continuous  pull ;  the  pull,  of  course,  is  not  continuous  ;  it  only 
appears  so  tons — our  sense  of  touch  is  imperfect. 

We  may  next  establish  an  arc  between  the  electrodes  and  ob- 
serve as  the  alternations  rise,  that  the  note  which  accompanies 
alternating  arcs  gets  shriller  and  shriller,  grac  ually  weakens,  and 
finally  ceases.  The  air  vibrations  of  course  continue,  but  they 
are  too  weak  to  be  perceived — our  sense  of  hearing  fails  us. 

Wo  observe  the  small  physiological  effects,  the  rapid  heating  of 
the  iron  cores  and  conductors,  curious  inductive  effects,  intercst- 
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ing  condenser  phenomena,  and  still  more  interesting  light  phe- 
nomena with  a  high  tension  induction  coil.  All  these  experi- 
ments and  observations  would  be  of  the  greatest  interest  to  the 
student,  but  their  description  would  lead  me  too  far  from  the 
principal  subject.  Partly  for  this  reason  and  partly  on  account 
of  the  vastly  greater  importance,  I  will  confine  myself  to  the 
description  of  the  light  effects  produced  by  these  currents. 

In  the  experiments  to  this  end,  a  high  tension  induction  coil 
or  equivalent  apparatus  for  converting  currents  of  comparatively 
low  into  currents  of  high  tension  is  used. 

If  you  will  be  sufficiently  interested  in  the  results  I  shall  de- 
scribe, as  to  enter  into  an  experimental  study  of  this  subject ;  if 
you  will  be  convinced  of  the  truth  of  the  arguments  I  shall  ad- 
vance, your  aim  will  be  to  produce  high  frequencies  and  high 
potentials — in  other  words,  powerful  electrostatic  effects.  You 
will  then  encounter  many  difficulties  which,  if  completely  over- 
come, would  allow  us  to  produce  truly  wonderful  results. 

First  will  be  met  the  difficulty  of  obtaining  the  required  fre- 
quencies by  means  of  mechanical  apparatus,  and  if  they  be  ob- 
tained otherwise,  obstacles  of  a  different  nature  will  present 
themselves.  Next,  it  will  be  found  difficult  to  provide  the 
requisite  insulation  without  considerably  increasing  the  size  of  the 
apparatus,  for  the  potentials  required  aie  liigli,  and  owing  to  the 
rapidity  of  the  alternations  the  insulation  presents  peculiar  diffi- 
culties. So,  for  in6tance,when  a  gas  is  present,  the  discharge  may 
work  through  by  the  molecular  bombardment  of  the  gas  and  con- 
sequent heating,  through  as  much  as  an  inch  of  the  best  solid  in- 
sulating material,  such  as  glass,  hard  rubber,  porcelain,  sealing 
wax,  etc.;  in  fact,  through  any  known  insulating  substajice.  The 
chief  requisite  in  the  insulation  of  the  apparatus  is,  therefore,  t lie 
exclusion  of  any  gaseous  matter. 

In  general,  my  experience  tends  to  show  that  bodies  which 
possess  the  highest  specific  inductive  capacity  such  as  glass, 
afford  a  rather  inferior  insulation  to  others  which,  while  they  are 
good  insulators,  have  a  much  smaller  specific  inductive  capacity, 
such  as  oils,  for  instance,  the  dielectric  losses  being  no  doubt 
greater  in  the  former.  The  difficulty  of  iubulating,  of  course, 
only  exists  when  the  potentials  are  excessively  high,  for  with 
potentials  such  as  a  few  thousand  volts  there  is  no  particular  diffi- 
culty encountered  in  conveying  currents  from  a  machine  giving,- 
say  20,000  alternations  per  second,  to  quite  a  distance.  Thisnum- 
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ber  of  alternations,  however,  is  by  far  too  small  for  many  pur- 
poses, though  quite  sufficient  for  some  practical  applications 
This  difficulty  of  insulating  is  fortunately  not  a  vital  drawback ; 
it  affects  mostly  the  size  of  the  apparatus,  for  when  excessively 
high  potentials  would  be  used,  the  light-giving  devices  would  be 
located  not  far  from  the  apparatus  and  often  they  would  be  quite 
close  to  it.  As  the  air-bombardment  of  the  insulated  wire  is  de- 
pendent on  condenser  action,  the  loss  may  be  reduced  to  a  trifle 
by  using  excessively  thin  wires  heavily  insulated. 

Another  difficulty  which  will  be  encountered  in  the  capacity 
and  self-induction  necessarily  possessed  by  the  coil.  If  the  coil  be 
large — that  is,  if  it  contain  a  great  length  of  wire,  it  will  be  gen- 
erally unsuited  for  excessively  high  frequencies ;  if  it  be  small, 
it  may  be  well  adapted  for  such  frequencies,  but  the  potential 
might  then  not  be  as  high  as  desired.  A  good  insulator,  and  pref- 
erably one  possessing  a  small  specific  inductive  capacity,  would 
afford  a  two-fold  advantage.  First,  it  would  enable  us  to  con- 
struct a  very  small  coil  capable  of  withstanding  enormous  differ- 
ences of  potential ;  and  secondly,  such  a  small  coil,  by  reason  of 
its  smaller  capacity  and  eelf-induction,  would  be  capable  of  a 
(quicker  and  more  vigorous  vibration.  The  problem,  then,  of  con- 
structing a  coil  or  induction  apparatus  of  any  kind,  possessing  the 
requisite  quiiHties,  I  regard  as  one  of  no  small  iuiportance,  and  it 
has  occupied  me  for  a  considerable  time. 

The  investigator  who  desires  to  repeat  the  experiments  which 
I  will  describe,  with  an  alternate  current  machine  capable  of  sup- 
plying currents  of  the  desired  frequency,  and  an  induction  coil, 
will  do  well  to  take  the  primary  coil  out  and  mount  the  second- 
ary in  such  a  manner  as  to  be  able  to  look  through  the  tube  upon 
which  the  secondary  is  wound.  He  will  then  be  able  to  obsei-ve 
the  streams  which  pass  from  the  primary  to  the  insulating  tube, 
and  from  their  intensity  he  will  know  how  far  he  can  strain  the 
coil.  Without  this  precaution,  he  is  sure  to  injure  the  insulation. 
This  arrangement  permits,  however,  an  easy  exchange  of  the 
primaries,  which  is  desirable  in  these  experiments. 

The  selection  of  the  type  of  machine  best  suited  for  the  pur- 
pose, must  be  left  to  the  judgment  of  the  experimenter  There 
are  here  illustrated  three  distinct  types  of  machines  which,  be- 
sides others,  I  have  used  in  my  experiments. 

Fig.  1  represents  the  machine  used  in  my  experiments  before 
this  Institute.     The  field  magnet  consists  of  a  ring  of  wrought- 
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iron  with  384  pole  projections.  The  armature  comprises  a  steel 
disc  to  which  is  fastened  a  thin,  carefully- welded  rim  of  wrought- 
iron.  Upon  the  rim  are  wound  several  layers  of  fine,  well- 
annealed  iron  wire  which,  when  wound  is  passed  through  shellac. 
The  armature  wires  are  wound  around  bra^s  pins  wrapped  with 
silk  thread.  The  diameter  of  the  armature  wire  in  this  type  of 
machine  should  not  be  more  than  one-sixth  of  the  thickness  of  the 
pole  projections,  else  the  local  action  will  be  considerable. 

Fig.  2  represents  a  larger  machine  of  a  different  type.     The 
field  magnet  of  this  machine  consists  of  two  like  parts  which 


. '  -Fig.  1. — High  Frequency  Alternator  with  Drum  Armature. 

either  Jnclosc  an  exciting  coil  or  else  are  independfently  wound. 
Each  part  has  480  pole  projections,  the  projections  of  one  facing 
those  of  the  other.  The  armature  consists  of  a  wheel  of  hard 
bronze,  carrying  the  conductors  which  revolve  between  the  pro- 
jections of  the  field  magnet.  To  wind  the  armature  conductors, 
1  have  found  it  most  convenient  to  proceed  in  the  following  man- 
ner': 1  construct  a  ring  of  hard  bronze  of  the  required  size. 
This  ring  and  the  rim  of  the  wheel  are  provided  with  the  proper 
number  of  pins  and  both  fastened  upon  a  plate.  The  armature 
conductors  beins:  wound,  the  pins  are  cut  off  and  the  ends  of  the 
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conductors  fastened  by  two  rings  which  screw  to  the  bronze  ring 
and  the  rim  of  the  wheel  respectively.  The  whole  may  then  be 
taken  off  and  forms  a  solid  structure.  The  conductors  in  such  a 
type  of  machine  should  consist  of  sheet  copper,  the  thickness  of 
which,  of  course,  depends  on  the  thickness  of  the  pole  projec- 
tions ;  or  else  twisted  thin  wires  should  be  employed. 

Fig.  3  is  a  smaller  machine,  in  many  respects  similar  to  the 
former,  only  here  the  armature  conductors  and  the  exciting  coil 
are  kept  stationary,  while  only  a  block  of  wronght-iron  is  re- 
volved. 


Fig.  2. — High  Frequency  Alternator  with  Revolving  Disc  Armature. 


Tt  would  be  uselessly  lengthening  this  description  were  I  to 
dwell  more  on  the  details  of  construction  of  these  machines.  Be- 
sides, they  have  been  described  somewhat  more  elaborately  in  the 
Electrical  Engineer  of  March  18,  1891.  I  deem  it  well,  how- 
ever, to  call  the  attention  of  the  investigator  to  two  things,  the 
importance  of  which,  though  self-evident,  he  is  nevertheless  apt 
to  underestimate,  namely,  to  the  local  action  in  the  conductors, 
which  must  be  carefully  avoided,  and  to  the  clearance,  which 
must  be  small.  I  may  add  that  since  it  is  desirable  to  use  very 
high  peripheral  speeds,  the  armature  should  b^ig^fdY^JfC^lc 
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diameter  in  order  to  avoid  impracticable  belt  speeds.  Of  the 
several  types  of  these  machines  which  have  been  constructed  by 
me,  I  have  found  that  the  type  illustrated  in  Fig.  1  caused  me  the 
least  trouble  in  construction  as  well  as  in  maintenance  and,  on  the 
whole,  it  has  been  a  good  experimental  machine. 

In  operating  an  induction  coil  with  very  rapidly  alternating 
currents,  among  the  first  luminous  phenomena  noticed  are  natu- 
rally those  presented  by  the  high  tension  discharge.  As  the 
number  of  alternations  per  second  is  increased,  or  as — the  num- 
ber being  high — the  current  through  the  primary  is  varied,  the 
discharge  gradually  changes  in  appearance.  It  would  be  dilBScult 
to  describe  the  minor  changes  which  occur  and  the  conditions 


Fto.  8. — High  Frequency  Alternator  with  Stationary  Disc  Armature  and 
Stationary  Exciting  Coil. 

which  bring  them  about,  but  one  may  note  five  distinct  forms  of 
the  discharge. 

First,  one  may  observe  a  weak,  sensitive  discharge  in  the  form 
of  a  thin  feeble-colored  thread.  (Fig.  4.)  It  always  occurs 
when,  the  number  of  alternations  per  second  being  high,  the  cur- 
rent through  the  primary  is  very  small.  In  spite  of  the  exces- 
sively small  current,  the  rate  of  change  is  great  and  the  difEerence 
of  potential  at  the  terminals  of  the  secondary  is  therefore  con- 
siderable, so  that  the  arc  is  established  at  great  distances ;  but 
the  quantity  of  "electricity"  set  in  motion  is  insignificant, 
barely  sufficient  to  maintain  a  thin,  threadlike  arc,  ed  tt\i8\6»wi[c 
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sively  sensitive  and  may  he  made  so  to  such  a  degree  tliat  the 
mere  act  of  breathing  near  the  coil  will  affect  it,  and  unless  it  is 
perfectly  well  protected  from  currents  of  air,  it  wriggles  around 
constantly.  Nevertheless,  it  is  in  this  form  excessively  persistent, 
and  when  the  terminals  are  approached  to,  say  one-third  of  the 
striking  distance,  it  can  be  blown  out  only  with  difficulty.  This 
exceptional  persistency,  when  short,  is  largely  due  to  the  arc  be- 
ing excessively  thin ;  presenting,  therefore,  a  very  small  surface 
to  the  blast.  Its  great  sensitiveness,  when  very  long,  is  probably 
due  to  the  motion  of  the  particles  of  dust  suspended  in  the  air. 
When  the  current  through  the  primary  is  increased  the  dis- 
charge gets  broader  and  stronger,  and  the  effect  of  the  capacity 
of  the  coil  becomes  visible  until,  finally,  under  proper  conditions, 
a  white  flaming  arc.  Fig.  5,  often  as  thick  as  one's  finger  and 
striking  across  the  whole  coil,  is  produced.  It  develops  remark- 
able heat,  and  may  be  further  characterized  by  the  absence  of 


Pio.  4.— Sensitive  Thread  Discharge.  Pfg.  5.— Flaming  Discharge. 

the  high  note  which  accompanies  the  less  powerful  discharges. 
To  take  a  shock  from  the  coil  under  these  conditions  would  not 
be  advisable,  although  under  different  conditions,  the  poten- 
tial being  much  higher,  a  shock  from  the  coil  may  be  taken  with 
impunity.  To  produce  this  kind  of  discharge  the  number  of 
alternations  per  second  must  not  be  too  great  for  the  coil  used ; 
and,  generally  speaking,  certain  relations  between  capacity,  self- 
induction  and  frequency  must  be  observed. 

The  importance  of  these  elements  in  an  alternate  current  cir- 
cuit is  now  well  known,  and  under  ordinary  conditions  the  gene- 
ral rules  are  applicable.  But  in  an  induction  coil  exceptional 
conditions  prevail.  First,  the  self-induction  is  of  little  import- 
ance before  the  arc  is  established,  when  it  asserts  itself,  but  per- 
haps never  as  prominently  as  in  ordinary  alternate  current-circuits, 
because  capacity  is  distributed  all  along  the  coil,  and  by  reason, 
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of  the  fact  that  the  coil  usually  discharges  through  very  great 
resistances ;  hence  the  currents  are  exceptionally  small.  Secondly, 
the  capacity  goes  on  increasing  continually  as  the  potential  rises, 
in  consequence  of  absorption  which  takes  place  to  a  considerable 
extent.  Owing  to  this  there  exists  no  critical  relationship  be- 
tween these  quantities,  and  ordinary  rules  would  not  seem  to  be 
applicable.  As  the  potential  is  inci  eased  either  in  consequence 
of  the  increased  frequency  or  of  the  increased  current  through 
the  primary,  the  amount  of  the  energy  stored  becomes  greater 
and  greater  and  the  capacity  gains  more  and  more  in  importance. 
Up  to  a  certain  point  the  capacity  is  beneficial,  but  after  that  it 
begins  to  be  an  enormous  drawback.  It  follows  from  this  that 
each  coil  gives  the  best  result  with  a  given  frequency  and  prim- 
ary current.  A  very  large  coil  when  operated  with  currents  of 
very  high  frequency  may  not  give  as  much  as  ^  inch  spark.  By 
adding  capacity  to  the  terminals  the  condition  may  be  improved, 
but  what  the  coil  really  wants  is  a  lower  frequency. 

When  the  flaming  discharge  occurs,  the  conditions  are  evi- 
dently such  that  the  greatest  current  is  made  to  flow  through  the 
circuit.  These  conditions  may  be  attained  by  varying  the  fre- 
quency within  wide  limits,  but  the  highest  frequency  at  which 
the  flaming  arc  can  still  be  produced  determines,  for  a  given 
primary  current,  the  maximum  striking  distance  of  the  coil.  In 
the  flaming  discharge,  the  eclat  eflFect  of  the  capacity  is  not  per- 
ceptible. The  rate  at  which  the  energy  is  being  stored  then  just 
equals  the  rate  at  which  it  can  be  disposed  of  through  the  cir- 
cuit. This  kind  of  discharge  is  the  severest  test  for  a  coil ;  the 
break,  when  it  occurs,  is  of  the  nature  of  that  in  an  overcharged 
Leyden  jar.  To  give  a  rough  approximation,  I  would  state  that 
with  an  ordinary  coil,  of  say  10,000  ohms  resistance,  the  most 
powerful  arc  would  be  pro<luced  with  about  12,000  alternations 
per  second. 

When  the  frequency  is  increased  beyond  that  rate,  the  poten- 
tial of  course  rises,  but  the  striking  distance  may  nevertheless 
diminish,  paradoxical  as  it  may  seem.  As  the  potential  rises,  the 
coil  attains  more  and  more  the  properties  of  a  static  machine,  un- 
til, flnally,  one  may  observe  the  beautiful  phenomenon  of  the 
streaming  discharge.  Fig.  6,  which  may  be  produced  across  the 
whole  length  of  the  coil.  At  that  stage,  streams  begin  to  issue  freely 
from  all  points  and  projections.  These  streams  will  also  be  seen 
to  pass  in  abundance  in  the  space  between  the^^grim^r^j^d  l^e 
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insulating  tube.  When  the  potential  is  excessively  high,  tliev 
will  always  appear,  even  if  the  frequency  be  low,  and  even  if  the 
primary  be  surrounded  by  as  much  as  an  inch  of  wax,  hard  rub- 
ber, glass  or  any  other  insulating  substance.  This  limits  greatly 
the  output  of  the  coil,  but  I  will  later  show  how  I  have  been  able 
to  overcome  to  a  considerable  extent  this  disadvantage  in  the 
ordinary  coil. 

Besides  the  potential,  the  intensity  of  the  streams  depends  on 
the  frequency ;  but  if  the  coil  be  very  large  they  show  themselves 
no  matter  how  low  the  frequencies  used.  For  instance,  in  a  very 
large  coil  of  resistance  of  67,000  ohms,  constructed  by  me  some 
time  ago,  they  appear  with  as  low  as  100  alternations  per  second 
and  less,  the  insulation  of  the  secondary  being  J  inch  of  ebonite. 
When  very  intense,  they  produce  a  noise  similar  to   that   pro- 


Fio.  r..     Streaming  Discharge.  Fi<  .  :.— Eruhh  and  ISpray  Discbarge. 

duced  by  the  charging  of  a  Iloltz  machine,  but  njuch  more  pow- 
erful, and  they  emit  a  strong  smell  of  ozone.  The  lower  the 
frequency,  the  more  apt  they  are  to  suddenly  injure  the  coil. 
With  excessively  high  frequencies,  they  may  pass  freely  without 
producing  any  other  effect  than  to  heat  the  insulation  slowly  and 
uniformly. 

The  existence  of  the-e  streams  shows  the  importance  of  con- 
structing an  expensive  coil,  so  as  to  permit  of  one's  seeing 
through  the  tube  surrounding  the  primary,  and  the  latter  should 
be  easily  exchangeable,  or  else  the  space  between  the  primary  and 
secondary  should  be  completely  tilled  up  with  insulating  mater- 
ial, so  as  to  exclude  all  air.  The  non-observance  of  this  simple 
rule  in  the  construction  of  the  commercial  coils,  is  responsible  for 
the  destruction  of  many  an  expensive  coil. 

At  the  stage  when  the  streaming  discharge  occurs,  or  with 
somewhut  higlier  frequencies,  one  may  by  approaching  the  ter- 
minals c  »nsiderably  and  regulatin*^  properly  the  effect  of  capa- 
city, produce  a  veritable  spray  of  small  silver-white  sparks  or  a 
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bunch  of  excessively  thin  silvery  threads  [Fig.  7]  amidst  a  power- 
ful brush — each  spark  or  thread  possibly  corresponding  to  one 
alternation.  This,  when  produced  under  proper  conditions,  is 
probably  the  most  beautiful  discharge,  and  when  an  air  blast  is 
directed  against  it,  it  presents  a  singular  appearance.  The  spray 
of  sparks,  when  received  through  the  body,  causes  some  incon- 
venience, whereas  when  the  discharge  simply  streams,  nothing  at 
all  is  likely  to  be  felt  if  large  conducting  objects  are  held  in  the 
hands  to  protect  thein  from  receiving  small  burns. 

If  the  frequency  is  still  more  increased,  then  the  coil  refuses 
to  give  any  spark  unless  at  comparatively  small  distances,  and  tlie 
fifth  typical  form  of  discharge  may  be  observed  [Fig.  8].  The 
tendency  to  stream  out  and  dissipate  is  then  so  great  that  when 
the  brush  is  produced  at  one  terminal,  no  sparking  occurs  even  if, 
as  I  have  repeatedly  tried,  the  hand,  or  any  conducting  object,  is 


Pig.  8.— Fifth  Typical  Form  Pig.  9.  — Luminous  Discharge  with 

of  Discharge.  Interposed  Insulators. 

held  within  the  stream  ;  and  what  is  more  singular,  the  luminous 
stream  is  not  at  all  easily  deflected  by  the  approach  of  a  conduct- 
ing body. 

At  this  stage,  the  streams  seemingly  pass  with  the  greatest 
freedom  through  considerable  thicknesses  of  insulators,  and  it  is 
particularly  interesting  to  study  their  behavior.  For  this  purpose 
it  is  convenient  to  connect  to  the  terminals  of  the  coil  two  metal- 
lic spheres,  which  may  be  placed  at  any  desired  distance  [Fig.  9.] 
Spheres  are  preferable  to  plates,  as  the  discharge  can  be  better 
observed.  By  inserting  dielectric  bodies  between  the  spheres, 
beautiful  discharge  phenomena  may  be  observed.  If  the  spheres 
be  quite  close  and  a  spark  be  playing  between  them,  by  interpos- 
ing a  thin  plate  of  ebonite  between  the  spheres  the  spark 
instantly  ceases  and  the  discharge  spreads  into  an  intensely  luini- 
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nous  circle  several  inches  in  diameter,  provided  the  spheres  are 
sufficiently  large.  The  passage  of  the  streams  heats  and,  after  a 
while,  softens  the  rubber  so  much  that  two  plates  may  be  made 
to  stick  together  in  this  manner.  If  the  spheres  are  so  far  apart 
that  no  spark  occurs  even  if|[they  are  far  beyond  the  striking  dis- 
tance, by  inserting  a  thick  plate  of  glass  the  discharge  is  instantly 
induced  to  pass  from  the  spheres  to  the  glass  in  the  form  of  lumi- 
nous streams.  It  appears  almost  as  though  these  streams  pass 
through  the  dielectric. '  In  reality  this  is  not  the  case,  as  the 
streams  are  due  to  the  molecules  of  the  air  which  are  violently 
agitated  in  the  space  between  the  oppositely  charged  surfaces  of 
the  spheres.  Wlien  no  dielectric  other  than  air  is  present,  the 
bombardment  goes  on  but  is  too  weak  to  be  visible ;  by  inserting 
a  dielectric,  the  inductive  eflFect  is  much  increased  and,  besides, 
the  projected  air  molecules  find  an  obstacle  and  the  bombard- 
ment becomes  so  intense  that  the  streams  become  luminous.  If 
by  any  mechanical  means  we  could  effect  such  a  violent  agitation 
of  the  molecules,  we  could  produce  the  same  phenomenon.  A  jet 
of  air  escaping  through  a  small  hole  under  enormous  pressure  and 
striking  against  an  insulating  substance,  such  as  glass,  may  be  lumi. 
nous  in  the  dark,  and  it  might  be  possible  to  produce  phosphor- 
escence of  the  glass  or  other  insulators  in  this  manner. 

The  greater  the  specific  inductive  capacity  of  the  interposed 
dielectric,  the  more  powerful  the  effect  produced.  Owing  tothis, 
the  streams  show  themselves  with  excessively  high  potentials 
even  if  the  glass  be  as  much  as  one  and  one-half  to  two  inches 
thick.  But  besides  the  heating  due  to  bombardment,  some  heat- 
ing goes  on  undoubtedly  in  the  dielectric,  being  apparently 
greater  in  glass  than  in  ebonite.  I  attribute  this  to  the  greater 
specific  inductive  capacity  of  the  glass,  in  consequence  of  which, 
with  the  same  potential  difference,  a  greater  amount  of  energy  is 
taken  up  in  it  than  in  rubber.  It  is  like  connecting  to  a  battery 
a  copper  and  a  brass  wire  of  the  same  dimensions.  The  copper 
wire,  though  a  more  perfect  conductor,  would  heat  more  by  reason 
of  its  taking  more  current.  Thus  what  is  otherwise  considered  a 
virtue  of  the  glass,  is  here  a  defect.  Glass  usually  gives  way 
much  quicker  than  ebonite  ;  when  it  is  heated  to  a  certain  de- 
gree the  discharge  suddenly  breaks  through  at  one  point,  assum- 
ing then  the  ordinary  form  of  an  arc. 

The  heating  effect  produced  by  molecular  bombardment  of  the 
dielectric  would,  of  course,  diminish  as  the  pressure  of  the  air  is 
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increased,  and  at  enormous  pressure  it  wonld  be  negligible,  unless 
the  frequency  would  increase  correspondingly. 

It  will  be  often  observed  in  these  experiments  that  when  the 
spheres  are  beyond  the  striking  distance,  the  approach  of  a  glass 
plate,  for  instance,  may  induce  Ihe  spark  to  jump  between  the 
spheres.  This  occurs  when  the  capacity  of  the  spheres  is  some- 
what below  the  critical  value  which  gives  the  greatest  difference 
of  potential  at  the  terminals  of  the  coil.  By  approaching  a 
dielectric  the  specific  inductive  capacity  of  the  space  between  the 
spheres  is  increased,  producing  the  same  effect  as  if  the  capacity 
of  the  spheres  were  increased.  The  potential  at  the  terminals 
may  then  rise  so  high  that  the  space  is  cracked.  The  experiment 
is  best  performed  with  dense  glass  or  mica. 

Another  interesting  observation  is  that  a  plate  of  insulating 
material,  when  the  discharge  is  passing  through  it,  is  strongly 
attracted  by  either  of  the  spheres,  that  is,  by  the  nearer  one,  this 
being  obviously  due  to  the  smaller  mechanical  effect  of  the  bom- 
bardment on  that  side,  and  perhaps  also  to  the  greater  electri- 
fication. 

From  the  behavior  of  the  dielectrics  in  these  experiments,  we 
may  conclude  that  the  best  insulator  for  these  rapidly  alternating 
currents  would  be  the  one  possessing  the  smallest  specific  induc- 
tive capacity  and  at  the  same  time  one  capable  of  withstanding 
the  greatest  differences  of  potential ;  and  thus  two  diametrically 
opposite  ways  of  securing  the  required  insulation  are  indicated, 
namely,  to  use  either  a  perfect  vacuum  or  a  gas  under  great  pres- 
sure, but  the  former  would  be  preferable.  Unfortunately,  neither 
of  these  two  ways  is  easily  carried  out  in  practice. 

It  is  especially  interesting  to  note  the  behavior  of  an  excess- 
ively high  vacuum  in  these  experiments.  If  a  test  tube,  provided 
with  external  electrodes,  and  exhausted  to  the  highest  possible 
degree,  be  connected  to  the  terminals  of  the  cell.  Fig.  10,  the 
electrodes  of  the  tube  are  instantly  brought  to  a  high  tempera- 
ture and  the  glass  at  each  end  of  the  tube  is  rendered  intensely 
phosphorescent,  but  the  middle  appears  comparatively  dark  and 
for  a  while  remains  cool. 

When  the  frequency  is  so  high  that  the  discharge  shown  in 
Fig.  8  is  observed,  considerable  diss'pation  no  doubt  occursinthe 
coil.  Nevertheless,  the  coil  may  be  worked  for  a  long  time,  as 
the  heating  is  gradual. 

In  spite  of  the  fact  that  the  difference  of  potential  may  be  enor- 
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incus,  little  is  felt  when  the  discharge  is  passed  through  the  body, 
provided  the  hands  are  armed.  This  is  to  some  extent  due  to  the 
higher  frequency,  but  principally  to  the  fact  that  less  energy  is 
available  externally,  when  the  difference  of  potential  reaches  an 
enormous  value,  owing  to  the  circumstance  that  with  the  rise  of 
potential  the  energy  absorbed  in  the  coil  increases  as  the  square 
of  the  potential.  Up  to  a  certain  point,  the  energy  available  ex- 
ternally, increases  with  the  rise  of  potential,  then  it  begins  to  fall 
oflf  rapidly.  Thus,  with  the  ordinary  high-tension  induction  coil, 
thecurious  paradox  exists  that  while  with  a  given  current  througli 
the  primary  the  shock  might  be  fatal,  with  many  times  that  cur 
rent  it  might  be  perfectly  harmless,  even  if  the  frequency  be  the 
same.  With  high  frequencies  and  excesssively  high  potentials, 
when  the  terminals  are  not  connected  to  bodies  of  some  size, 
practically  all    the   energy   supplied    to   the   primary  is  taken 


Fig.  10.— Discharge  Through  Hi^h-  Pig.  11.— Pinwheel  driven  by  a 

eat  Vacuum.  Powerful  Brush. 

up  by  the  coil.  There  is  no  breaking  through,  no  local  in- 
jury, but  all  the  material,  insulating  and  conducting,  is  uni- 
formly heated. 

To  avoid  misunderstanding  in  regard  to  the  physiological 
effect  of  alternating  currents  of  very  high  frequency,  I  think  it 
necessary  to  state  that  while  it  is  an  undeniable  fact  that  they  are 
incomparably  less  dangerous  than  currents  of  low  frequencies, 
yet  it  should  not  be  thought  that  they  are  altogether  haripless. 
What  has  just  been  said  refers  only  to  currents  from  an  ordinary 
high-tension  induction  coil,  which  currents  are  necessarily  very 
small ;  if  received  directly  from  a  machine  or  from  a  secondary 
of  low  resistance,  they  produce  more  or  less  powerful  effects  and 
may  cause  serious  injury,especially  when  used  in  conjunction  with 
condensers. 
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The  streaming  discharge  of  a  high-tension  induction  coil  dif- 
fers in  many  reppects  from  that  of  a  powerful  static  machine.  In 
color  it  has  neither  the  violet  of  the  positive  nor  the  brightness 
of  the  negative  static  discharge,  but  lies  somewhere  between,  be- 
ing, of  course,  alternatively  positive  and  negative.  But  since  the 
streaming  is  more  powerful  when  the  point  or  terminal  is  elec- 
trified positively  than  when  electrified  negatively,  it  follows  that 
the  point  of  the  brush  is  more  like  the  positive  and  the  root 
more  like  the  negative  static  discharge.  In  the  dark,  when  the 
brush  is  very  powerful,  the  root  may  appear  almost  white.  The 
wind  produced  by  the  escaping  streams,  though  it  may  be  very 
strong — often,  indeed,  to  such  a  degree  that  it  may  be  felt  quite 
a  distance  from  the  coil — is,  nevertheless, .  considering  the  quan- 
tity of  the  discharge,  smaller  than  that  produced  by  the  positive 


Fig.  12. — Luminous  Streams  Escap-  Fig.  13.— Aspect  Presented  by  a 

ing  From  a  Cotton-Covered  Wire.  Very  Thin  Wire  Attached  to  a 

Terminal  of  the  Coil. 

brush  of  a  static  machine,  and  it  affects  the  flame  much  less  pow- 
erfully. From  the  nature  of  the  phenomenon,  we  can  conclude 
that  the  higher  the  frequency,  the  smaller  mus^,  of  course,  be  the 
wind  produced  by  the  streams,  and  with  sufficiently  high  fre 
quencies  no  wind  at  all  would  be  produced  at  the  ordinary  atmos- 
pheric pressures.  With  frequencies  obtainable  by  means  of  a 
machine,  the  mechanical  effect  is  sufficiently  great  to  revolve 
with  considerable  speed  large  pin-wheels,  which  in  the  dark  pre 
sent  a  beautiful  appearance,  owing  to  the  abundance  of  the 
streams  [Fig.  11]. 

In  general,  most  of  the  experiments  usually  performed  with  a 
static  machine  can  be  performed  with  an  induction  coil  when 
operated  with  very  rapidly  alternating  currents.    The  effects  p ro- 
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dnced,  however,  are  mucli  more  striking,  being  of  incomparably 
greater  power.  When  a  small  length  of  ordinary  cotton-covered 
wire  [Fig.  12]  is  attached  to  one  terminal  of  the  coil,  the  streams 
issuing  from  all  points  of  the  wire  may  be  so  intense  as  to  pro- 
duce a  considerable  light  effect.  When  the  potentials,  and  fre- 
quencies are  very  high,  a  wire  insulated  with  gutta-percha  or 
rubber  and  attached  to  one  of  the  terminals,  appears  to  be  cov- 
ered with  a  luminous  film.  A  very  thin  bare  wire  when  attached 
to  a  terminal  emits  powerful  streams  and  vibrates  continually  to 
and  fro,  or  spins  in  a  circle,  producing  a  singular  effect  [Fig.  13]. 
Some  of  these  experiments  have  been  described  by  me  in  the 
Electrical  World  of  February  21,  1891. 

Another  peculiarity  of  the  rapidly  alternating  discharge  of  the 
induction  coil,  is  its  radically  different  behavior  with  respect  to 
points  and  rounded  surfaces. 

If  a  thick  wire,  provided  with  a  ball  at  one  end  and  with  a 
point  at  the  other,  be  attached  to  the  positive  terminal  of  a  static 
machine,  practically  all  the  charge  will  be  lost  through  the  point, 
on  account  of  the  enormously  greater  tension,  dependent  on  the 
radius  of  curvature.  But  if  such  a  wire  is  attached  to  one  of  the 
terminals  of  the  induction  coil,  it  will  be  observed  that  with  very 
high  frequencies  streams  issue  from  the  ball  almost  as  copiously 
as  from  the  point  [Fig.  14]. 

It  ifl  hardly  conceivable  that  we  could  produce  such  a  condi- 
tion to  an  equal  degree  in  a  static  machine,  for  the  simple  reason 
that  the  tension  increases  as  the  square  of  the  density,  which  in 
turn  is  proportional  to  the  radius  of  curvature.  Hence,  with  a 
steady  potential,  an  enormous  charge  would  be  required  to  make 
streams  issue  from  a  polished  ball  while  it  is  connected  with  a 
point.  But  with  an  induction  coil,  the  discharge  of  which  alter- 
nates with  great  rapidity,  it  is  different.  Here  we  have  to  deal 
with  two  distinct  tendencies.  First,  there  is  a  tendency  to  iBscape 
which  exists  in  a  condition  of  rest  and  which  depends  on  the 
radius  of  curvature ;  second,  there  is  the  tendency  to  dissipate 
into  the  surrounding  air  by  condenser  action,  which  depends  on 
the  surface.  When  one  of  these  tendencies  is  at  a  maximum,  the 
other  is  at  a  minimum.  At  the  point,  the  luminous  stream  is 
principally  due  to  the  air  molecules  coming  bodily  in  contact 
with  the  point ;  they  are  attracted  and  repelled,  charged  and  dis- 
charged, and  their  atomic  charges  being  thus  disturbed,  vibrate 
and  emit  light  waves.     At  the  ball,  on  the  contrary,  there  is  no 
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doubt  that  the  effect  is  to  agreat  extent  produced  inductively,  the 
air  molecules  not  necessarily  coming  in  contact  with  the  ball, 
though  they  undoubtedly  do  so.  To  convince  ourselves  of  this, 
we  need  only  to  exalt  the  condenser  action,  for  instance,  by  en- 
veloping the  ball  at  some  distance  by  a  better  conductor  than  the 
surrounding  medium,  the  conductor  being,  of  course,  insulated  \. 
or  else  by  surrounding  it  with  a  better  dielectric  and  approach- 
ing an  insulated  conductor  In  both  cases  the  streams  will  break 
forth  more  copiously.  Also  the  larger  the  ball  with  a  given  fre- 
quency, or  the  higher  the  frequency,  the  more  will  the  ball  have 
the  advantage  over  the  point.  But  since  a  certain  intensity  of 
action  is  required  to  render  the  streams  visible,  it  is  obvious  that 
in  the  experiment  described  the  ball  should  not  be  taken  too 
large. 

In  Cv^nsequence  of  this  two-fold  tendency,  it  is  possible  to  pro- 


FiG.  14.— Effect  of  Ball  and  Point. 


Fig.  15.—  Aspect  of  Coil  under 
Powerful  Brush  Discharge. 


duce  by  means  of  points,  effects  identical  to  those  produced  by 
capacity.  Thus,  for  instance,  by  attaching  to  one  terminal  of  the 
coil  a  small  length  of  coiled  wire,  presenting  many  points  and 
offering  great  facility  to  escape,  the  potential  of  the  coil  may  be 
raised  to  the  same  value  as  by  attaching  to  the  terminal  a  pol- 
ished ball  of  a  surface  many  times  greater  than  that  of  the  wire. 

An  interestinor  experiment,  showing  the  effect  of  the  points, 
may  be  perf ornied  in  the  following  manner :  Attach  to  one  of 
the  terminals  of  the  coil  a  cotton  covered  wire,  about  two  feet  in 
length,  and  adjust  the  conditions  so  that  streams  issue  from  the 
wire.  In  this  experiment  the  primary  coil  should  be  preferably 
placed  so  that  it  extends  only  about  half  way  into  the  secondary 
coil.  Now  touch  the  free  terminal  of  the  secondary  with  a  con- 
ducting object  held  in  the  hand,  or  else  connect  it  to  an  insulated 
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body  of  some  size.  In  this  manner  the  potential  on  the  wire 
may  be  enormously  raised.  The  effect  of  this  will  be  to  either 
increase,  or  to  diminish  the  streams.  If  they  increase,  the  wire 
is  too  short ;  if  they  diminish,  it  is  too  long.  By  adjusting  the 
length  of  the  wire,  a  point  is  found,  where  the  touching  of  the 
other  terminal  does  not  at  all  affect  the  streams.  In  this  case  the 
rise  of  potential  is  exactly  counteracted  by  the  drop  through  the 
coil.  It  will  be  observed  that  small  lengths  of  wire  produce  con- 
siderable difference  in  the  magnitude  and  luminosity  of  the 
streams.  The  primary  coil  is  placed  sidewise  for  two  reasons : 
First,  to  increase  the  potential  at  the  wire,  and  second,  to  increfise 
the  drop  through  the  coil.  The  sensitiveness  is  thus  augmented. 
There  is  still  another  and  far  more  striking  peculiarity  of  the 
brush  discharge  produced  by  very  rapidly  alternating  currents. 
To  observe  this  it  is  best  to  replace  the  usual  terminals  of  the  coil 
by  two  metal  columns  insulated  with  a  good  thickness  of  ebonite. 
It  is  also  well  to  close  all  fissures  and  cracks  with  wax  so  that  the 
brushes  cannot  form  anywhere  except  at  the  tops  of  the  columns. 
If  the  conditions  are  carefully  adjusted — which,  of  coarse,  must 
be  left  to  the  skill  of  the  experimenter — so  tliat  the  potential  rises 
to  an  enormous  value,  one  may  produce  two  powerful  brushes 
several  inches  long,  nearly  white  at  their  roots,  which  in  the  dark 
bear  a  striking  resemblance  to  two  flames  of  a  gas  escaping  under 
pressure  [Fig.  16].  But  they  do  not  only /•^^T/iJfo, they  preven- 
table flames,  for  they  are  hot.  Certainly  they  are  not  as  hot  as 
a  gas  flame,  Jmt  they  would  he  so  if  the  frequency  a/nd  the  poten- 
tial hIwvM  he  sufficierMy  high.  Produced  with,  say  twenty 
thousand  alternations  per  second,  the  heat  is  easily  perceptible, 
even  if  the  potential  is  not  excessively  high.  The  heat  developed 
is,  of  course,  due  to  the  impact  of  the  air  molecules  against  the 
terminals  and  against  each  other.  As,  at  the  ordinary  pressures, 
the  mean  free  path  is  excessively  small,  it  is  possible  that  in  spite 
of  the  enormous  initial  speed  imparted  to  each  molecule  upon 
coming  in  contact  with  the  terminal,  its  progress — by  collision 
with  other  molecules — is  retarded  to  such  an  extent,  that  it  does 
not  get  away  far  from  the  terminal,  but  may  strike  the  same  many 
times  in  succession.  The  higher  the  frequency  the  less  the  ipole- 
cule  is  able  to  get  away,  and  this  the  more  so,  as  for  a  given  effect 
the  potential  required  is  smaller ;  and  a  frequency  is  conceivable 
— perhaps  even  obtainable — at  which  practically  the  same  mole- 
<!ule8  would  strike  the  terminal.     Under  such  coijf^jJlgj^^lj^jl^ 
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change  of  the  molecules  would  be  very  slow,  and  the  heat  pro- 
duced at  and  very  near  the  terminal  would  be  excessive.  But 
if  the  frequency  would  go  on  increasing  constantly,  the  heat  pro- 
duced would  begin  to  diminish  for  obvious  reasons.  In  the  posi- 
tive brush  of  a  static  machine  the  exchange  of  the  molecules  is 
very  rapid,  the  stream  is  constantly  of  one  direction,  and  there 
are  fewer  collisions ;  hence  the  heating  effect  must  be  very  small. 
Anything  that  impairs  the  facility  of  exchange  tends  to  increase 
the  local  heat  produced.  Thus,  if  a  bulb  be  held  over  the  termi- 
nal of  the  coil  so  as  to  enclose  the  brush,  the  air  contained  in  the 
bulb  is  very  quickly  brought  to  a  high  temperature.  If  a  glass  tube 
be  held  over  the  brush  so  as  to  allow  the  draught  to  carry  the 
brush  upward,  scorching  hot  air  escapes  at  the  top  of  the  tube. 
Anything  held  within  the  brush  is,  of  course,  rapidly  heated,  and 
the  possibility  of  using  such  heating  effects  for  some  purpose  or 
other  suggests  itself. 

When  contemplating  this  singular  phenomenon  of  the  hot 
brush,  we  cannot  help  being  convinced  that  a  similar  process  must 
take  place  in  the  ordinary  flame,  and  it  seems  strange  that  after 
all  these  centuries  past,  of  familiarity  with  the  flame,  now,  in  the 
era  of  electric  lighting  and  heating,  we  are  finally  led  to  recognize 
that  since  time  immemorial  we  have  after  all,  always  had  *'  elec- 
tric light  and  heat"  at  our  disposal.  It  is  also  of  no  little 
interest  to  contemplate  that  we  have  a  possible  way  of  producing 
— by  other  than  chemical  means — a  veritable  flame,  which  would 
give  light  and  heat  without  any  material  being  consumed,  with- 
out any  chemical  process  taking  place,  and  to  accomplish  this  we 
only  need  to  perfect  methods  of  producing  enormous  frequen- 
cies and  potentials.  I  have  no  doubt  that  if  the  potential  could 
be  made  to  alternate  with  suflScient  rapidity  and  power,  the  brush 
formed  at  the  end  of  a  wire  would,  lose  its  electrical  characteris- 
tics and  would  become  flamelike,  l^e  flame  must  be  due  to  elec- 
trostatic molecular  action.  .  >' 

This  phenomenon  now  explains  in  a  manner  which  can  hardly 
be  doubted,  the  frequent  accidents  occurring  in  storms.  It  is  well 
known  that  objects  are  often  set  on  fire  without  the  lightning 
striking  them.  We  shall  proeeatly  see  how  this  can  happen.  On 
a  nail  in  a  roof,  for  instance,  or  on  a  projection  of  any  kind  more 
or  less  conducting  or  rendered  so  by  dampness,  a  powerful  brush 
may  appear.  If  the  lightning  strikes  somewhere  in  the  neighbor-^ 
hood,  the  enormous  potential  may  be  made  to  alteijry|^e^^^^J^ 
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ate  psrhaps  many  million  times  a  second.  The  air  molecules  are 
violently  attracted  and  repelled,  and  by  their  impact  produce 
such  a  powerful  heating  effect  that  a  fire  is  started.  It  is  con- 
ceivable that  a  ship  at  sea  may  in  this  manner  catch  tire  at  many 
points  at  once.  When  we  consider  that  even  with  the  compara- 
tively low  frequencies  obtained  from  a  dynamo  machine,  and  with 
potentials  of  no  more  than  one  or  two  hundred  thousand  volts, 
the  heating  effects  are  considerable,  we  may  imagine  how  much 
more  powerful  they  must  be  with  frequencies  and  potentials  many 
times  greater,  and  the  above  explanation  seems,  to  say  the  leasts 
very  probable.  Similar  explanations  may  have  been  suggested, 
but  I  am  not  aware  that  up  to  the  present  the  heating  effects  of 
a  brush  produced  by  a  rapidly  alternating  potential,  have  been 
experim  -ntally  demonstrated,  at  least  not  to  such  a  remarkable 
degree. 


Fig.  16. — Incandescent  Wire  or  Filament  Spinning 
in  an  Unexhaust^  Globe. 

By  preventing  completely  the  exchange  of  the  air  molecules, 
the  local  heating  effect  may  be  so  exalted  as  to  bring  a  body  to 
incandescence.  Thus,  for  instance,  if  a  small  button  or,  prefer- 
ably, a  very  thin  wire  or  filament  be  enclosed  in  an  unexhausted 
globe  and  connected  with  the  terminal  of  the  coil,  it  n^ay  be  ren- 
dered incandescent.  The  phenomenon  is  made  much  more  inter- 
esting by  the  rapid  spinning  around  in  a  circle  of  the  top  of  the 
filament,  thus  presenting  the  appearance  of  a  luminous  funnel, 
[Fig.  16],  which  widens  when  the  potential  is  increased.  When 
the  potential  is  small,  the  end  of  the  filament  may  perform  ir- 
regular motions,  suddenly  changing  from  one  to  the  other,  or  it 
may  describe  an  ellipse  But  when  the  potential  is  very  high  it 
always  spins  in  a  circle,  and  so  does  generally  a  thin  straight  wire 
attached  freely  to  the  terminal  of  the  coil.     These  motions  are* 
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of  course,  due  to  tlie  impact  of  the  molecules  and  the  irregularity 
in  the  distribution  of  the  potential  owing  to  the  roughness  and 
dis-symmetry  of  the  wire  or  filament.  With  a  perfectly  symmet- 
rical and  polished  wire  such  motions  would  probably  not  occur. 
That  the  motion  is  not  likely  to  be  due  to  other  causes  is  evident 
from  the  fact  that  it  i^  not  of  a  definite  direction  and  that  in  a 
very  highly  exhausted  globe  it  ceases  altogether.  The  possibility 
of  bringing  a  body  to  incandescence  in  an  unexhausted  globe,  or 
even  when  not  at  all  enclosed,  would  seem  to  afford  a  possible 
way  of  obtaining  lighter  effects,  which  in  perfecting  methods  of 
producing  rapidly  alternating  potentials  might  be  rendered  avail- 
able for  useful  purposes. 

In  employing  a  commercial  coil,  the  production  of  very  power- 
ful brush  effects  is  attended  with  considerable  diflBculties,  for 
when  these  high  frequencies  and  enormous  potentials  are  used, 


Fig.  17a. — Coil  Arranged  for  Powerful  Brush  Effects. 

the  best  insulation  is  apt  to  give  way.  Usually  the  coil  is  insu- 
lated well  enough  to  stand  the  strain  from  convolution  to  convo- 
lution, since  two  double  silk  covered  paraflSned  wires  will  with- 
stand a  pressure  of  several  thousand  volts;  the  diflSculty  lies 
principally  in  preventing  the  breaking  through  from  the  secondary 
to  the  primary,  which  is  greatly  facilitated  by  the  streams  issuing 
from  the  latter.  In  the  coil,  of  course,  the  strain  is  greatest 
from  section  to  section,  but  usually  in  a  larger  coil  there  are  so 
many  sections  that  the  danger  of  a  sudden  giving  way  is  not  very 
great.  No  difficulty  will  generally  be  encountered  in  that  direc- 
tion, and  besides  the  liability  of  injuring  the  coil  internally  is  very 
much  reduced  by  the  fact  that  the  effect  most  likely  to  be  pro- 
duced is  simply  a  gradual  heating,  which,  when  far  enough 
advanced,  could  not  fail  to  be  observed.  The  principal  necessity 
is  then,  to  prevent  the  streams  between  the  primary  and  the  tube, 
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not  only  on  account  of  the  heating  and  possible  injary,  but  also 
because  the  streams  may  diminish  very  considerably  the  potential 
difference  available  at  the  terminals.  A  few  hints  as  to  how 
this  may  be  accomplished  will  probably  be  found  useful  in  most 
of  these  experiments  with  the  ordinary  induction  coil. 

One  of  the  ways  is  to  wind  a  short  primary,  [Fig.  17  a],  so  that 
the  difference  of  potential  is  not  at  that  length  great  enough  to 
cause  the  breaking  forth  of  the  streams  through  the  insulating 
tube.  The  length  of  the  primary  should  be  determined  by  ex- 
periment. Both  the  ends  of  the  coil  should  be  brought  out  on  one 
end  through  a  plug  of  insulating  material  fitting  in  the  tube  as 
illustrated.  In  such  a  disposition,  one  terminal  of  the  secondary 
is  attached  to  a  body,  the  surface  of  which  is  determined  with  the 
greatest  care  so  as  to  produce  the  greatest  rise  in  the  potential. 


Pig.  17b.— Coil  Arranged  for  Powerful  Brush  Effects.— 
St.  Elmo's  Hot  Fire. 

At  the  other  terminal  a  powerful  brush  appears  which  may  be 
experimented  upon. 

The  above  plan  necessitates  the  employment  of  a  primary  of 
comparatively  small  size,  and  it  is  apt  to  heat  when  powerful  ef- 
fects are  desirable  for  a  certain  length  of  time.  In  such  a  case  it 
is  better  to  employ  a  larger  coil,  [Fig.  17  b],  and  introduce  it  from 
one  side  of  the  tube,  until  the  streams  begin  to  appear.  In  this 
tjase  the  nearest  terminal  of  the  secondary  may  be  connected  to 
the  primary  or  to  the  ground,  which  is  practically  the  same 
thing,  if  the  primary  iis  connected  directly  to  the  machine.  In  the 
case  of  ground  connections  it  is  well  to  determine  experiment- 
ally the  frequency  which  is  best  suited  under  the  conditions  of 
the  test.  Another  way  of  obviating  the  streams,  more  or  less,  is 
to  make  the  primary  in  sections  and  supply  it  from  separate  well 
insulated  sources.  C^  r^r^r^\r> 
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In  many  of  these  experiments,  when  powerful  effects  are 
wanted  for  a  short  time  it  is  advantageous  to  use  iron  cores  with 
the  primaries  In  such  case  a  very  large  primary  coil  may  be 
wound  and  placed  side  by  side  with  the  secondary,  and  the 
nearest  terminal  of  the  latter  being  connected  to  the  primary,  a 
laminated  iron  core  is  introduced  through  the  primary  into  the 
feecondary  as  far  as  the  streams  will  permit.  Under  these  con- 
ditions an  excessively  powerful  brush,  several  inches  long,  which 
may  be  appropriately  called  "St.  Elmo's  hot  fire,"  may  be  caused 
to  appear  at  the  other  terminal  of  the  secondary,  producing  strik- 
ing effects.  It  is  a  most  powerful  ozonizer,  so  powerful  indeed, 
that  only  few  minutes  are  sufficient  to  fill  the  whole  room  with 
the  smell  of  ozone,  and  it  undoubtedly  possesses  the  quality  of 
exciting  chemical  affinities. 

For  the  production  of  ozone,  alternating  currents  of  very  high 
frequency  are  eminently  suited,  not  only  on  account  of  the  ad- 
vantages they  offer  in  the  way  of  conversion,  but  also  because  of 
the  fact,  that  the  ozonizing  action  of  a  discharge  is  dependent  on 
the  frequency  as  well  as  on  the  potential,  this  being  undoubtedly 
confirmed  by  observation. 

In  these  experiments  if  an  iron  core  is  used,  it  should 
be  carefully  watched,  as  it  is  apt  to  get  excessively  hot  in  an 
incredibly  short  time.  To  give  an  idea  of  the  rapidity  of  the 
heating,  I  will  state,  that  by  passing  a  powerful  current  through 
a  coil  with  many  turns,  the  inserting  within  the  same  of  a  thin 
iron  wire  for  no  more  than  one  second's  time  is  sufficient  to  heat 
the  wire  to  something  like  100^  C. 

But  this  rapid  heating  does  not  need  to  discourage  us  in  the  use 
of  iron  cores  in  connection  with  rapidly  alternating  currents.  I 
have  for  a  long  time  been  convinced,  that  in  the  industrial  distri- 
bution by  means  of  transformers  some  such  plan  as  the  following 
might  be  practicable.  We  may  use  a  comparatively  small  iron 
core,  subdivided,  or  perhaps  not  even  subdivided.  We  may  sur- 
round this  core  with  a  considerable  thickness  of  material  which  is 
fire  proof  and  conducts  the  heat  poorly,  and  on  top  of  that  we 
may  place  the  primary  and  secondary  windings.  By  using  either 
higher  frequencies  or  greater  magnetizing  forces,  we  may  by 
hystersis  and  eddy  currents  heat  the  iron  core  so  far  as  to  bring  it 
nearly  to  its  maximum  permeability,  which,  as  Hopkinson  has 
shown,  may  be  as  much  as  sixteen  times  greater  than  that  at  or- 
dinary temperatures.     If  the  iron  core  were  perfectly  enclosed  it 
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would  not  be  deteriorated  by  the  heat,  and  if  the  enclosure  of  tire 
proof  material  would  be  suflBciently  thick  only  a  limited  amount 
of  energy  could  be  radiated  in  spite  of  the  high  temperature. 
Transformers  have  been  constructed  by  me  on  that  plan,  but  for 
lack  of  time,  no  thorough  tests  have  as  yet  been  made. 

Another  way  of  adapting  the  iron  core  to  rapid  alternations, 
or,  generally  speaking,  reducing  the  frictional  losses,  is  to  pro- 
duce by  continuous  magnetization  a  flow  of  something  like  seven 
thousand  or  eight  thousand  lines  per  square  centimetre  through 
the  core,. and  then  work  with  weak  magnetizing  forces  and  prefer- 
ably high  frequency  around  the  point  of  greatest  permeability. 
A  higher  efficiency  of  conversion  and  greater  output  are  obtain- 
able in  this  manner.     I  have  also  employed  this  principle  in  con- 


Fio.  18.— Coil  for  Producing  Very  Higli 
Difference  of  Potential. 

nection  with  machines  in  which  there  is  no  reversal  of  polarity. 
In  these  types  of  machines,  as  long  as  there  are  only  few  pole 
projections,  there  is  no  great  gain,  as  the  maxima  and  minima  of 
magnetization  are  far  from  the  point  of  maximum  permeability, 
but  when  the  number  of  the  pole  projections  is  very  great,  the 
required  rate  of  change  may  be  obtained,  without  the  magnetiza- 
tion varying  so  far  as  to  depart  greatly  from  the  point  of 
maximum  permeability,  and  the  gain  is  considerable 

The  above-described  arrangements  refer  only  to  the  use  of  com. 
mercial  coils  as  ordinarily  constructed.  If  it  is  desired  to  con- 
struct a  coil  for  the  express  purpose  of  performing  with  it  such 
experiments  as  I  have  described,  or  generally  rendering  it  capa- 
ble of  withstanding  the  greatest  possible  difference  of  potential, 
then  a  construction  as  indicated  in  Fig.  18,  will  be  found  of  ad- 
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vantage.  The  coil  in  this  case  is  formed  of  two  independent 
pirts  wliich  are  wound  oppositely,  tlie  connection  between  both 
being  made  near  the  primary.  The  potential  in  the  middle  being 
zero,  there  is  not  much  tendency  to  jump  to  the  primary  and  not 
much  insulation  is  required.  In  some  cases  the  middle  point  may, 
however,  be  connected  to  the  primary  or  to  the  ground.  In  such 
a  coil  the  places  of  great*  st  difference  of  potential  are  far  apart 
and  the  coil  is  capable  of  withstanding  an  enormous  strain.  The 
two  parts  may  be  movable  so  as  to  allow  a  slight  adjustment  of 
the  capacity  effect. 

As  to  the  manner  of  insulating  the  coil,  it  will  be  found  con- 
venient to  pioceed  in  the  following  way :  First,  the  wire  should 
be  boiled  in  paraffin  until  all  the  air  is  out ;  then  the  coil  is 
wouiid  by  running  the  wire  through  melted  paraffin,  merely  for 
the  purpose  of  fixing  the  wire.  The  coil  is  then  taken  off  from 
the  spool,  immersed  in  a  cylindrical  vessel  filled  with  pure  melted 
wax  and  boiled  for  a  longtime,  until  the  bubbles  cease  to  appear. 
The  whole  is  then  left  to  cool  down  thoroughly,  and  then  the 
mass  is  taken  out  of  the  vessel  and  turned  up  in  a  lathe.  A  coil 
made  in  this  manner  and  with  care,  is  capable  of  withstanding 
enormous  potential  differences. 

It  may  be  found  convenient  to  immerse  the  coil  in  paraffin 
oil  or  some  other  kind  of  oil ;  it  is  a  most  effective  way  of  insu- 
lating, principally  on  account  of  the  perfect  exclusion  of  air,  but 
it  may  be  found  that  after  all  a  vessel  filled  with  oil  is  not  a  very 
convenient  thing  to  handle  in  a  laboratory. 

If  an  ordinary  coil  can  be  dismounted,  the  primary  may  be 
taken  out  of  the  tube  and  the  latter  plugged  up  on  one  end,  filled 
with  oil,  and  the  primary  reinserted.  This  affords  an  excellent 
insulation  and  prevents  the  formation  of  the  streams. 

Of  all  the  experiments  which  may  be  performed  with  rapidly 
alternating  currents,  the  most  interesting  are  those  which  concern 
the  production  of  a  practical  luminant.  It  cannot  be  denied  that 
the  present  methods,  though  they  were  brilliant  advances,  are 
very  wasteful.  Some  better  methods  must  be  invented — some 
more  perfect  apparatus  devised.  Modem  research  has  opened 
new  possibilities  for  the  production  of  an  efficient  source  of  light 
and  the  attention  of  all  has  been  turned  in  the  direction  indicated 
by  able  pioneers.  Many  have  been  carried  away  by  the  enthusi- 
asm and  passion  to  discover,  but  in  their  zeal  to  reach  results 
many  have  been  misled.     Starting  with  the  i^^ze^ty  ^CAS^I?^ 
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electro-magnetic  waves,  they  tamed  their  attention  perhaps  too 
much  to  the  study  of  electro-magnetic  effects  and  neglected  the 
study  of  electrostatic  phenomena.  Naturally,  nearly  ever  inves- 
tigator availed  himself  of  an  apparatus  similar  to  that  nsed  in 
earlier  experiments.  But  in  those  forms  of  apparatus,  while  the 
electro-magnetic  inductive  effects  are  enormous,  the  electrostatic 
effects  are  excessively  small. 

In  the  Hertz  experiments,  for  instance,  a  high-tension  indnc> 
tion  coil  is  short-circuited  by  an  arc,  the  resistance  of  which  is 
very  small ;  the  smaller,  the  more  capacity  is  attached  to  the  ter- 
minals; and  the  difference  of  potential  at  these  is  enormously 
diminished.  On  the  other  hand,  when  the  discharge  is  not  pass- 
ing between  the  terminals  the  static  effects  may  be  considerable, 
but  only  qualitively  so,  not  quantitatively,  since  their  rise  and 
fall  is  very  sudden  and  since  their  frequency  is  small.  In  neither 
case,  therefore,  are  powerful  electrostatic  effects  perceivable. 
Similar  conditions  exist  when,  as  in  some  interesting  experiments 
of  Dr.  Lodge,  Ley  den  jars  are  discharged  disrupt!  vely.  It  has 
been  thought— and  I  believe  asserted— that  in  such  cases  most  of 
the  energy  is  radiated  into  space.  In  the  light  of  the  experi- 
ments, which  I  have  described  above,  it  will  now  not  be  thought 
so.  I  feel  safe  in  asserting,  that  in  snch  cases  most  of  the  energy 
is  partly  taken  up  and  converted  into  heat  in  the  arc  of  the 
discharge  and  in  the  conducting  and  insulating  material  of  the 
jar,  some  energy  being,  of  course,  given  off  by  electrification  of 
the  air ;  but  the  amount  of  the  directly  radiated  energy  is  very 
small. 

When  a  high-tension  induction  coil,  operated  by  currents  alter- 
nating only  20,000  times  a  second,  has  its  terminals  closed 
through  even  a  very  small  jar,  practically  all  the  energy  passes 
through  the  dielectric  of  the  jar,  which  is  heated,  and  the  elec- 
trostatic effects  manifest  themselves  outwardly  only  to  a  very 
weak  degree.  Now  the  external  circuit  of  a  Leyden  jar,  that  ip, 
the  arc  and  the  connections  of  the  coatings  may  be  looked  upon 
as  a  circuit,  generating  alternating  currents  of  excessively  high 
frequency  and  fairly  high  potential,  which  is  closed  through  the 
coatings  and  the  dielectric  between  them,  and  from  the  above  it 
ifl  evident  that  the  external  electrostatic  effects  must  be  very 
small,  even  if  a  recoil  circuit  be  used.  These  conditions  make 
it  appear,  that  with  the  apparatus  usually  at  hand  the  observa- 
tion of  powerful  electrostatic  effects  was  impossible,  and  what 
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experience  has  been  gained  in  that  direction  is  only  due  to  the 
great  ability  of  the  investigators. 

But  powerful  electrostatic  eflEects  are  dne  qua  non  of  light 
productions  on  the  lines  indicated  by  theory.  Electro-magnetic 
effects  are  primarily  unavailable,  for  the  reason  that  to  produce 
the  req[uired  effects  we  would  have  to  pass  current  impulses 
through  a  conductor  which,  long  before  the  required  frequency 
of  the  impulses  could  be  reached,  would  cease  to  transmit  them. 
On  the  other  hand,  electro-magnetic  waves  many  times  longer 
than  those  of  light  and  producible  by  sudden  discharges  of  a  con- 
denser could  not  be  utilized,  it  would  seem,  except  we  avail  our- 
selves of  their  effect  upon  conductors  as  in  the  present  methods, 
which  are  wasteful.  We  could  not  affect  by  means  of  such 
waves,  the  static  molecular  or  atomic  charges  of  a  gas,  cause  them 
to  vibrate  and  to  emit  light.  Long  transverse  waves  cannot,  ap- 
parently, produce  such  effects,  since  excessively  small  electro- 
magnetic disturbances  may  pass  readily  through  miles  of  air. 
Such  dark  waves,  unless  they  are  of  the  length  of  true  light 
waves,  cannot,  it  would  seem,  excite  luminous  radiation  in  a 
Geissler  tube,  and  the  luminous  effect,  which  are  producible  by 
induction  in  a  tube  devoid  of  electrodes,  I  am  inclined  to  consider 
as  being  of  an  electrostatic  nature. 

To  produce  such  luminous  effects,  straight  electrostatic  thrusts 
are  required ;  these,  whatever  be  their  frequency,  may  disturb 
the  molecular  charges  and  produce  light.  Since  current  im- 
pulses of  the  required  frequency  cannot  pass  through  a  conductor 
of  measurable  dimensions,  we  must  work  with  a  gas  and  then  the 
production  of  powerful  electrostatic  effects  becomes  an  impera- 
tive necessity. 

It  has  occurred  to  me,  however,  that  electrostatic  effects  are  in 
many  ways  available  for  the  production  of  light.  For  instance, 
we  may  place  a  body  of  some  refractory  material  in  a  closed  and, 
preferably,  more  or  less  exhausted  globe,  connect  it  to  a  source  of 
high,  rapidly  alternating  potential,  causing  the  molecules  of  the 
gas  to  strike  it  many  times  a  second  at  enormous  speeds,  and  in 
this  manner,  with  trillions  of  invisible  hammers,  pound  it  until  it 
gets  incandescent ;  or  we  may  place  a  body  in  a  very  highly  ex- 
hausted globe,  in  a  non-striking  vacuum,  and  by  employing  very 
high  frequencies  and  potentials,  transfer  suflScient  energy  from  it 
to  other  bodies  in  the  vicinity  or  in  general  to  the  surroundings, 
to  maintain  it  at  any  degree  of  incandescence  ;  uf^^zeMf<S^Jf^Si^ 
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means  of  such  rapidly  alternating  liigh  potentials,  disturb  the 
ether  carried  by  the  molecules  of  a  gas  or  their  static  charges, 
causing  them  to  vibrate  and  to  emit  light. 

But  electrostatic  effects  being  dependent  upon  the  potential 
and  frequency  to  produce  the  most  powerful  action,  it  is  desira- 
ble to  increase  both  as  far  as  practicable.  It  may  be  possible  to 
obtain  quite  fair  results  by  keeping  either  of  these  factors  small, 
provided  the  other  is  sufficiently  great ;  but  we  are  limited  in 
both  directions.  My  experience  demonstrates  that  we  cannot  go 
below  a  certain  frequency,  for,  first,  the  potential  then  becomes 
so  great  that  it  is  dangerous ;  and,  secondly,  the  light  production 
is  less  efficient. 

I  have  found  that  by  using  the  ordinary  low  frequencies,  the 
physiological  effect  of  the  current  required  to  maintain,  at  a  cer- 
tain degree  of  brightness,  a  tube  four  feet  long,  provided  at  the 
ends  with  outside  and  inside  condenser  coatings,  is  so  powerful 
that  I  think  it  might  produce  serious  injury  to  those  not  accus- 
tomed to  such  shocks ;  whereas,  with  twenty  thousand  alterna- 
tions per  second  the  tube  may  be  maintained  at  the  same  degree 
of  brightness  without  any  effect  being  felt.  This  is  due  princi- 
pally to  the  fact  that  a  much  smaller  potential  is  required  to  pro- 
duce the  same  light  effect,  and  also  to  the  higher  efficiency  in  the 
light  production.  It  is  evident  that  the  efficiency  in  such  cases  is 
the  greater  the  higher  the  frequency,  for  the  quicker  the  process 
of  charging  and  discharging  the  molecules,  the  less  energy  will 
be  lost  in  the  form  of  dark  radiation.  But,  unfortunately',  we  can 
not  go  beyond  a  certain  frequency,  on  account  of  the  difficulty  of 
producing  and  conveying  the  effects. 

I  have  stated  above,  that  a  body  enclosed  in  an  unexhausted 
bulb  may  be  intensely  heated  by  simply  connecting  it  with  a 
source  of  rapidly  alternating  potential.  The  heating  in  such  a 
case  is  in  all  probability  due  mostly  to  the  bombardment  of  the 
molecules  of  the  gas  contained  in  the  bulb.  When  the  bulb  is 
exhausted,  tl\e  heating  of  the  body  is  much  more  rapid  and  there 
is  no  difficulty  whatever  in  bringing  a  wire  or  filament  to  any  de- 
gree of  incandescence  by  simply  connecting  it  to  one  terminal  of 
a  coil  of  the  proper  dimensions.  Thus,  if  the  well  known  appa- 
ratus of  Prof.  Crookes,  consisting  of  a  bent  platinum  wire  with 
vanes  mounted  over  it  [Fig.  19],  be  connected  to  one  terminal  of 
the  coil — either  one  or  both  ends  of  the  platinum  wire  being  con- 
nected— the  wire  is  rendered  almost  instantly  jnpap^^^p^A^ 
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the  mica  vanes  are  rotated  as  though  a  current  from  a  battery 
were  used.  A  thin  carbon  filament  or,  preferably,  a  button  of 
some  refractory  material  [Fig.  20],  even  if  it  be  a  comparatively 
poor  conductor,  enclosed  in  an  exhausted  globe,  may  be  rendered 
hi:;:hly  incandescent ;  and  in  this  manner  a  simple  lamp  capable 
of  giving  any  desired  candle  power  is  provided. 

The  success  of  lamps  of  this  kind  would  depend  largely  on  the 
selection  of  the  light-giving  bodies  contained  within  the  bulb. 
Since,  under  the  conditions  described,  refractory  bodies — which 
are  very  poor  conductors  and  capable  of  withstanding  for  a  long 
time  excessively  high  degrees  of  temperature — may  be  used,  such 
illuminating  devices  may  be  rendered  successful. 

It  might  be  thought  at  first  that  if  the  bulb  containing  the  fila- 
mont  or  button  of  refractory  material,  be  perfectly  well  exhausted 


KiG.  19.— The  Crookes  Experiment  on  Fig.  20.— Lamp    with 

Open  Circuit.  Single  Block  of  Re- 

fractory Material. 

— that  is,  as  far  as  it  can  be  done  by  the  u^e  of  the  best  appara- 
tus —the  heating  would  be  much  less  intense,  and  that  in  perfect 
vacuum  it  could  not  occur  at  all.  This  is  not  confirmed  by  my 
experience.  Quite  the  contrary;  the  better  the  vacuum,  the 
easier  the  bodies  are  brought  to  incandescence.  This  result  is  in- 
teresting for  many  reasons. 

At  the  outset  of  this  work,  the  idea  presented  itself  to  me, 
whether  two  bodies  of  refractory  material  enclosed  in  a  bulb, 
exhausted  to  such  a  degree  that  the  discharge  of  a  large  induc- 
tion coil  operated  in  the  usual  manner  cannot  pass  through, 
could  be  rendered  incandescent  by  mere  condenser  action.  Ob- 
viously, to  reach  this  result  enormous  potential  differences  and 
very  high  frequencies  are  required,  as  is  evident  from  a  simple 
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But  8ucli  a  lamp  would  possess  a  vast  advautage  over  an  ordi- 
nary incandescent  lamp  in  regard  to  efficiency.  It  is  well  known 
that  the  efficiency  of  a  lamp  is  to  some  extent  a  function  of  the 
degree  of  incandescence  and  that  could  we  but  work  a  filament 
at  many  times  higher  degrees  of  incandescence  the  efficiency 
would  be  much  greater.  In  an  ordinary  lamp  this  is  impractica- 
ble, on  account  of  the  destruction  of  the  filament,  and  it  has  been 
determined  by  experience  iiow  far  it  is  advisable  to  push  the 
incandescence.  It  is  impossible  to  tell  how  much  higher  effi- 
ciency could  be  obtained  if  the  filament  could  withstand  indefi- 
nitely, as  the  investigation  to  this  end  obviously  cannot  be  carried 
beyond  a  certain  stage ;  but  there  are  reasons  for  believing  that 
it  would  be  very  considerably  higher.  An  improvement  might 
be  made  in  the  ordinary  lamp  by  employing  a  short  and  thick 
carbon ;  but  then  the  leading-in  wires  would  have  to  be  thick 
and,  besides,  there  are  many  other  considerations  which  render 
such  a  modification  entirely  impracticable.  But  in  a  lamp  as 
above  described,  the  leading-in  wires  may  be  very  small,  the  in- 
candescent refractory  material  may  be  in  the  shape  of  blocks 
offering  a  very  small  radiating  surface,  so  that  less  energy  would 
be  required  to  keep  them  at  the  desired  incandescence;  and  in 
addition  to  this,  the  refractory  material  need  not  be  carbon,  but 
may  be  manufactured  from  mixtures  of  oxides,  for  instance, with 
carbon  or  other  material,  or  may  be  selected  from  bodies  which 
are  practically  non-conductors  and  capable  of  withstanding  enor- 
mous degrees  of  temperature. 

All  this  would  point  to  the  possibility  of  obtaining  a  much 
higher  efficiency  with  such  a  lamp  than  is  obtainable  in  ordinary 
lamps.  In  my  experience  it  has  been  demonstrated  that  the 
blocks  are  brought  to  high  degrees  of  incandescence  with  much 
lower  potentials  than  those  determined  by  calculation,  and  the 
blocks  may  be  set  at  greater  distances  from  each  other.  We 
may  freely  assume,  and  it  is  probable,  that  the  molecular  bombard- 
ment is  an  important  element  in  the  heating,  even  if  the  globe  be 
exhausted  with  the  utmost  care,  as  I  have  done ;  for  although  the 
number  of  the  molecules  is,  comparatively  speaking,  insignifi- 
cant, yet  on  account  of  the  mean  free  path  being  very  great, 
there  are  fewer  collisions  and  the  molecules  may  reach  much 
higher  speeds,  so  that  the  heating  effect  due  to  this  cause  may  be 
considerable,  as  in  the  Crookes  experiments  with  radiant  matter. 

But  it  is  likewise  possible  that  we  have  to  deal  here  with  an 
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increased  facility  of  losing  the  charge  in  very  high  vacnnm,  when 
the  potential  is  rapidly  alternating,  in  which  case  most  of  the 
heating  would  be  directly  due  to  the  surging  of  the  charges  in 
heated  bodies  Or  else  the  observed  fact  may  be  largely 
attributable  to  the  eflfect  of  the  points  which  I  have  mentioned 
above,  in  consequence  of  which  the  blocks  or  filaments  contained 
in  the  vacuum  are  equivalent  to  condensers  of  many  times 
greater  surface  than  that  calculated  from  their  geometrical 
dimensions.  Scientific  men  still  differ  in  opinion  as  to  whether 
a  charge  should,  or  should  not,  be  lost  in  a  perfect  vacuum,  or  in 
other  words,  whether  ether  is,  or  is  not,  a  conductor.  \i  the 
former  were  the  case,  then  a  thin  filament  enclosed  in  a  perfectly 


Fig.  21.— Lamp  with  Two  Filaments  in  Highest  Vacuum 
with  Leading-in  Wires. 

exhausted  globe  and  connected  to  a  source  of  enormous,  steady 
potential  would  be  brought  to  incandescence. 

Various  forms  of  lamps  on  the  above  described  principle,  with 
the  refractory  bodies,  in  the  form  of  filaments  Fig.  21 ,  or  blocks, 
Fig.  22,  have  been  constructed  and  operated  by  me,  and  investi- 
gations are  being  carried  on  in  this  line.  There  is  no  difliculty 
in  reaching  such  high  degrees  of  incandescence  that  ordinary  car- 
bon is  to  all  appearance  melted  and  volatilized.  If  the  vacuum 
could  be  made  absolutely  perfect,  such  a  lamp,  although  inopera- 
tive with  apparatus  ordinarily  used,  would,  if  operated  with  cur- 
rents of  the  required  character,  afford  an  illuminant  which  would 
never  be  destroyed  and  which  would  be  far  more  efficient  than  an 
ordinary  incandescent  lamp.   This  perfection  can,  of  course,  never 
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be  reached  and  a  very  slow  destruction  and  gradual  diminution  of 
the  size  always  occurs,  as  in  incandescent  lamps ;  but  there  is  no 
possibility  of  a  sudden  and  premature  disabling  which  occurs  in 
the  latter  by  the  breaking  of  the  filament,  especially  when  the 
incandescent  bodies  are  in  the  shape  of  blocks. 

With  these  rapidly  alternating  potentials  there  is,  however,  no 
necessity  of  enclosing  two  blocks  in  a  globe,  but  a  single  block,  as 
in  Fig.  20,  or  filament,  Fig.  23,  may  be  used.  Th  i  potential  in 
this  case  must  of  course  be  higher,  but  it  is  easily  obtainable  and 
besides  it  is  not  necessarily  dangerous. 

The.  facility  with   which  the  button  or  filament  in    such   a 


Fig.  22. — Lamp  with  Two  Refrac- 
tory Blocks  in  Highest 
Vacuum. 


Fio.  23.— Lamp  with  Single 

Straight  Filament  and  one 

Leading-in  Wire. 


lamp  is  brought  to  incandescence,  other  things  being  equal,  de- 
pends on  the  size  of  the  globe.  If  a  perfect  vacuum  could  be  ob- 
tained, the  size  of  the  globe  would  not  be  of  importance,  for  then 
the  heating  would  be  wholly  due  to  the  surging  of  the  charges 
and  all  the  energy  would  be  given  off  to  the  surroundings  by 
radiation.  But  this  can  never  occur  in  practice.  There  is  always 
some  gas  left  in  the  globe  and  although  the  exhaustion  may  be 
carried  to  the  highest  degree,  still  the  space  inside  of  the  bulb 
must  be  considered  as  conducting  when  such  high  potentials  are 
used,  and  I  assume,  that  in  estimating  the  energy  that  may  be 
given  off  from  the  filament  to  the  8urroundings,^w<e  jrj^ajjjgjisjd^f^ 
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the  inside  surface  of  the  bulb  as  one  coating  of  a  condenser,  the 
air  and  other  objects  surrounding  the  bulb  forming  the  other 
coating.  When  the  alternations  are  very  low  there  is  no  doubt 
that  a  considerable  portion  of  the  energy  is  given  oflf  by  the 
electrification  of  the  surrounding  air. 

In  order  to  study  this  subject  better,  1  carried  on  some  ex- 
periments with  excessively  high  potentials  and  low  frequen- 
cies. I  then  observed  that  when  the  hand  is  approached  to  the 
bulb, — the  filament  being  connected  with  one  terminal  of  the 
coil, — a  powerful  vibration  is  felt,  being  due  to  the  attraction  and 
repulsion  of  the  molecules  of  the  air  which  are  electrified  by  in- 
duction through  the  glass.  In  some  cases  when  the  action  is 
very  intense  I  have  been  able  to  hear  a  sound,  which  must  be  due 
to  the  same  cause. 


Pig.  24. — Lampj«  wtih  One  Leading  in  Wire 
Rendered  Incandescent. 


Fig.  25. — Lamp  with  two 
Blocks  or  Filaments 
and  a  Fair  of  Indepen- 
dent Inside  andOutside 
Condenser  Coatings. 


When  the  alternations  are  low,  one  is  apt  to  get  an  excessively 
powerful  shock  from  the  bulb.  In  general,  when  one  attaches 
bulbs  or  objects  of  some  size  to  the  terminals  of  the  coil,  one 
should  look  out  for  the  rise  of  potential,  for  it  may  happen  that 
by  merely  connecting  a  bulb  or  plate  to  the  terminal,  the  potential 
may  rise  to  many  times  its  original  value.  When  lamps  are  at- 
tached to  the  terminals,  as  illustrated  in  Fig.  24,  then  the  capacity 
of  the  bulbs  should  be  such  as  to  give  the  maximum  rise  of  po- 
tential under  the  existing  conditions.  In  this  manner  one  may 
obtain  the  required  potential  with  fewer  turns  of  wire. 

The  life  of  such  lamps  as  described  above  depends,  of  course, 
largely  on  the  degree  of  exhaustion,  but  to  some  extent  also  on 
the  shape  of  the  block  of  refractory  material.  Theoretically  it 
would  seem,  that  a  small  sphere  of  carbon  enclosed  in  a  sphere  of 
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glass  would  not  suffer  deterioration  from  molecular  bombardment, 
for  the  matter  in  the  globe,  being  radiant,  the  molecules  would 
move  in  straight  lines  and  would  seldom  strike  the  sphere  ob- 
liquely. An  interesting  thought  in  connection  with  such  a  lamp 
is,  that  in  it  "electricity"  and  electrical  energy  apparently  must 
move  in  the  same  lines. 

The  use  of  alternating  currents  of  very  high  frequency  makes 
it  possible  to  transfer  by  electrostatic  or  electromagnetic  induc- 
tion through  the  glass  of  a  lamp  sufficient  energy  to  keep  a  fila- 
ment at  incandescence  and  so  do  away  with  the  leading-in  wires. 


Fig.  26a.  Fig.  26b. 

Lamp  with  One  Filament,  One  Inside  and  One  Outside 

Condenser  Coating. 

Such  lamps  have  been  proposed,  but  for  want  of  proper  appara- 
tus they  have  not  been  successfully  operated.  Many  forms  of 
lamps  on  this  principle  with  continuous  and  broken  filaments  have 
been  constructed  by  me  and  experimented  upon.  When  using  a 
secondary  enclosed  within  the  lamp  a  condenser  is  advantageously 
combined  with  the  secomdary .  When  the  transference  is  effected 
by  electrostatic  induction  the  potentials  used  are,  of  course,  very 
high  with  frequencies  obtainable  from  a  machine.  For  instance, 
with  a  condenser  surface  of  forty  centimetres  square,  which  is  not 
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impracticably  large,  and  with  glass  of  good  quality,  1  mm.  thick, 
using  currents  alternating  twenty  thousand  times  a  second,  the 
potential  required  is  approximately  9,000  volts.  This  may  seem 
large,  but  since  each  lamp  may  be  included  in  the  secondary  of  a 
transformer  of  very  small  dimensions  it  would  not  be  inconvenient- 
and,  moreover,  it  would  not  produce  fatal  injury.  The  transform, 
ers  would  all  be  preferably  in  series.  The  regulation  would  offer 
no  difficulties,  as  with  currents  of  such  frequencies  it  is  very  easy 
to  maintain  a  constant  current. 

In  the  accompanying  engravings  some  of  the  types  of  lamps  of 
this  kind  are  shown.  Fig.  25  is  such  a  lamp  with  a  broken  filament, 
and  Fig  26  a  and  26  b  one  with  a  single  inside  and  outside  coat- 


FiG.  28.— Lamp  with  One 

Filament,  One  Inside  and 

irio.27.— Lamp  with  One  Filament  One    Outside    Condenser 

and  Leading-in  Wire  and  Ex-  Coating,    and    Auxiliary 

temal  Condenser  Coating.  Coating. 

ing  and  a  single  filament.  I  have  also  made  lamps  with  two  out- 
side and  inside  coatings  and  a  continuous  loop  connecting  the 
latter.  Such  lamps  have  been  operated  by  me  with  current  im- 
pulses of  the  enormous  frequencies  obtainable  by  the  disruptive 
discharge  of  condensers. 

The  disruptive  discharge  of  a  condenser  is  especially  suited  for 
operating  such  lamps — with  no  outward  electrical  connections— 
by  means  of  electro-magnetic  induction,  the  electro-magnetic 
inductive  effects  being  excessively  high  ;  and  I  have  been  able  to 
produce  the  desired  incandescence  with  only  a  few  short  turns  of 
wire.  Incandescence  may  also  be  produced  in  this  manner  in  a 
simple  closed  filament.  C^ r\r\n\o 
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Leaving,  now,  out  of  consideration  the  practicability  of  sucli 
lamps,  I  would  only  say  that  they  possess  a  beautiful  and  desira- 
ble feature,  namely,  that  they  can  be  rendered,  at  will,  more 
or  less  brilliant  simply  by  altering  the  relative  position  of  the 
outside  and  inside  condenser  coatings  or  inducing  and  induced 
circuits. 

When  a  lamp  is  lighted  by  connecting  it  to  one  terminal  only 
of  the  source,  this  may  be  facilitated  by  providing  the  globe  with 
an  outside  condenser  coating,  which  serves  at  the  same  time  ap  a 
reflector,  and  connecting  this  to  an  insulated  body  of  some  size. 
Lamps  of  this  kind  are  illustrated  in  Fig.  27  and  Fig.  28. 
Fig.  29  shows  the  plan  of  connections.  The  brilliancy  of  the 
lamp  may  in  this  case  be  regulated  within  wide  limits  by  vary- 
ing the  size  of  the  insulated  metal  plate  to  which  the  coating  is 
connected. 

It  is  likewise  practicable  to  light  with  one  leading  wire,  lamps 


Fio.  29.— Increasing  the  Briiliancj  of  Lamp  on  One  Wire. 

such  as  illustrated  in  Fig.  21  and  Fig.  22,  by  connecting  one  ter- 
minal of  the  lamp  to  one  terminal  of  the  source  and  the  other  to 
an  insulated  body  of  the  required  size.  In  all  cages  the  insulated 
body  serves  to  give  oflE  the  energy  into  the  surrounding  space  and 
is  equivalent  to  a  return  wire.  Obviously,  in  the  two  last-named 
cases,  instead  of  connecting  the  wires  to  an  insulated  body,  con- 
nections may  be  made  to  the  ground. 

The  experiments  which  will  prove  most  suggestive  and  of 
most  interest  to  the  investigator,  are  probably  those  performed 
with  exhausted  tubes.  As  might  be  anticipated,  a  source  of  such 
rapidly  alternating  potentials  is  capable  of  exciting  the  tubes  at 
a  considerable  distance  and  the  light  effects  produced  are  remark- 
able. 

During  my  investigations  in  this  line,  I  endeavored  to  excite 
tubes  devoid  of  any  electrodes,  by  electromagnetic  induction, 
making  the  tube  the  secondary  of  the  induction  device  and  pass- 
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ing  through  the  primary  the  dischargeB  of  a  Leyden  jar.  These 
tubes  were  made  of  many  shapes  and  I  was  able  to  obtain  lumi- 
nous effects  which  I  then  thought  were  due  wholly  to  electro- 
magnetic induction.  But  on  carefully  investigating  the  phenom- 
ena, 1  found  that  the  effects  produced  were  more  of  an  electro- 
static nature.  It  may  be  attributed  to  this  circumstance  that  this 
mode  of  exciting  tubes  is  very  wasteful,  namely,  the  primary  cir- 
cuit being  closed,  the  potential,  and  consequently  the  electro- 
static inductive  effect,  is  much  diminished. 

When  an  inductive  coil,  operated  as  above  described,  is  used, 
there  is  n.o  doubt  that  the  tubes  are  excited  by  electrostatic  in- 
duction and  that  electromagnetic  induction  has  little,  if  anything, 
to  do  with  the  phenomena. 

This  is  evident  from  many  experiments.  For  instance,  if  a 
tube  be  taken  in  one  hand,  the  observer  being  near  the  coil,  it  is 
brilliantly  lighted  and  remains  so  no  matter  in  what  position  it  is 
held  relatively  to  the  observer's  body.  Were  the  action  electro- 
magnetic, the  tube  could  not  be  lighted  when  the  observer's  body 
is  interposed  between  it  and  the  coil,  or  at  least  its  luminosity 
should  be  considerably  diminished.  When  the  tube  is  held  ex- 
actly over  the  centre  of  the  coil — the  latter  being  wound  in  sec- 
tions and  the  primary  placed  symmetrically  to  the  secondary— it 
may  remain  completely  dark,  whereas  it  is  rendered  intensely 
luminous  by  moving  it  slightly  to  the  right  or  left  from  the  cen- 
tre of  the  coil.  It  does  not  light  because  in  the  middle,  both  halves 
of  the  coil  neutralize  each  other  and  the  electric  potential  is  zero. 
If  the  action  were  electromagnetic,  the  tube  should  light  best  in 
the  plane  through  the  centre  of  the  coil,  since  the  electromag- 
netic effect  there  should  be  a  maximum.  When  an  arc  is  estab- 
lished between  the  terminals,  the  tubes  and  lamps  in  the  vicinity 
of  the  coil  go  out,  but  light  up  again  when  the  arc  is  broken,  on 
account  of  the  rise  of  potential.  Yet  the  electromagnetic  effect 
should  be  practically  the  same  in  both  cases. 

By  placing  a  tube  at  some  distance  from  the  coil  and  nearer  to 
one  terminal — preferably  at  a  point  on  the  axis  of  the  coil — one 
may  light  it  by  touching  the  remote  terminal  with  an  insulated 
body  of  some  size  or  with  the  hand,  thereby  raising  the  potential 
at  that  terminal  nearer  to  the  tube.  If  the  tube  is  shifted  nearer 
to  the  coil,  so  that  it  is  lighted  by  the  action  of  the  nearer  ternji- 
nal,  it  may  be  made  to  go  out  by  holding  on  an  insulated  sup- 
port the  end  of  a  wire  connected  to  the  remote  1(§JBI?ft^V3®*Jx?v. 
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vicinity  of  the  nearer  terminal,  by  this  means  counteracting  the 
action  of  the  latter  npon  the  tube.  These  effects  are  evidently 
electrostatic.  Likewise,  when  a  tube  is  placed  at  a  considerable 
distance  from  the  coil,  the  observer  may,  standing  upon  an  insu- 
lated support  between  coil  and  tube,  light  the  latter  by  approach- 
ing the  hand  to  it ;  or  he  may  even  render  it  luminous  by  sim- 
ply stepping  between  it  and  the  coil.  This  would  be  impossible 
with  electromagnetic  induction,  for  the  body  of  the  observer 
would  act  as  a  screen. 

When  the  coil  is  energized  by  excessively  weak  currents,  the 
estperimenter  may,  by  touching  one  terminal  of  the  coil  with  the 
tube,  extinguish  the  latter,  and  may  again  light  it  by  bringing  it  out 
of  contact  with  the  terminal  and  allowing  a  small  arc  to  form. 
This  is  clearly  due  to  the  respective  lowering  and  raising  of  the 
potential  at  that  terminal  In  tlie  above  experiment,  when  the 
tube  is  lighted  through  a  small  arc  it  may  go  out  when  the  arc  is 
broken,  because  the  electrostatic  inductive  effect  alone  is  too  weak 
though  the  potential  may  be  much  higher ;  but  when  the  arc  is 
established,  the  electrification  of  tbe  end  of  the  tube  is  much 
greater,  and  it  consequently  lights. 

If  a  tube  is  lighted  by  holding  it  near  to  the  coil,  and  in 
the  hand  which  is  remote,  by  grasping  the  tube  anywhere  with 
the  other  hand,  the  part  between  the  hands  is  rendered  dark, 
and  the  singular  effect  of  wiping  out  the  light  of  the  tube 
may  be  produced  by  passing  the  hand  quickly  along  the  tube 
and  at  the  same  time  withdrawing  it  slightly  from  the  coil,  judg- 
ing properly  the  distance,  so  that  the  tube  remains  dark  after- 
wards. 

If  the  primary  coil  is  placed  sidewise,  as  in  Fig.  17  b,  for  in- 
stance, and  an  exhausted  tube  be  introduced  from  the  other  side 
in  the  hollow  space,  the  tube  is  lighted  most  intensely  because  of 
the  increased  condenser  action,  and  in  this  position  the  strise  are 
most  sharply  defined.  In  all  these  experiments  described  and  in 
many  others,  the  action  is  clearly  electrostatic. 

The  effects  of  screem'ng  also  indicate  the  electrostatic  nature 
of  the  phenomena  and  show  something  of  the  nature  of  electrifi- 
cation through  the  air.  For  instance,  if  a  tube  be  placed  in  the 
direction  of  the  axis  of  the  coil  and  an  insulated  metal  plate  be 
interposed  the  tube  will  generally  increase  in  brilliancy,  or  if  it 
be  too  far  from  the  coil  to  light,  it  may  even  be  rendered  lumin- 
ous by  interposing  an  insulated  metal  plate.     The  magnitude  of 
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the  effects  depends  to  some  extent  on  the  size  of  the  plate.  But  if 
the  metal  plate  be  connected  by  a  ^ii  e  to  the  ground  its  interposi- 
tion will  always  make  the  tube  go  out  even  if  it  be  very  near  the 
coil.  In  general,  the  interposition  of  a  body  between  the  coil  and 
tube  increases,  or  diminishes,  the  brilliancy  of  the  tube  or  its 
facility  to  light  up.  according  to  whether  it  increases  or  dimin- 
ishes the  electrification.  When  experimenting  with  an  insulated 
plate,  the  plate  should  not  be  taken  too  large,  else  it  will  generally 
produce  a  weakem'ng  effect  by  reason  of  its  great  facility  for  giv 
ing  off  energy  to  the  surroundings. 

If  a  tul>e  be  lighted  at  some  distance  from  the  coil  and  a  plate 
of  hard  rubber  or  other  insulating  substance  be  interposed,  the 
tube  may  be  made  to  go  out.  The  interposition  of  the  dielectric 
in  this  case  only  slightly  increases  the  inductive  effect,  but  dimin- 
ishes considerably  the  electrification  through  the  air. 

In  all  the  eases,  then,  when  we  excite  luminosity  in  exhausted 
tubes  by  means  of  such  a  coil  the  effect  is  due  to  the  rapidly 
alternating  electrostatic  potential ;  and,  furthermore,  it  must  be 
attributed  to  the  harmonic  alternation  produced  directly  by  the 
machine  and  not  to  any  superimposed  vibration  which  might  be 
thought  to  exist.  Such  superimposed  vibrations  are  ini possible 
when  we  work  with  an  alternate  current  machine.  If  a  spring  be 
gradually  tightened  and  released  it  does  not  perform  independent 
vibrations;  for  this  a  sudden  release  is  necessary.  So  with  the 
alternate  currents  from  a  dynamo  machine ;  the  medium  is  har- 
monically strained  and  released,  this  giving  rise  to  only  one  kind 
of  waves;  a  sudden  contact  or  break,  or  a  sudden  giving  way  of 
the  dielectric,  as  in  the  disruptive  discharge  of  a  Leyden  jar,  are 
essential  for  the  production  of  superimposed  waves. 

In  all  the  last  described  experiments,  tubes  devoid  of  any  elec- 
trodes may  be  used  and  there  is  no  difficulty  in  producing  by  their 
means  sufficient  light  to  read  by.  The  light  effect  is,  however, 
considerably  increased  by  the  use  of  phosphorescent  bodies  such 
as  yttria,  uranium  glass,  etc.  A  difficulty  will  be  found  when 
the  phosphorescent  material  is  used,  for  with  these  powerful 
effects,  it  is  carried  gradually  away,  and  it  is  preferable  to  use 
material  in  the  fonu  of  a  solid. 

Instead  of  depending  on  induction  at  a  distance,  to  light  the 
tube,  the  same  may  be  provided  with  an  external— and,  if  desired, 
also  with  an  internal — condenser  coating  and  may  then  be  sus- 
pended anywhere  in  the  room  from  a  conductor  connected  to  one 
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termiaal  of  the  coil,  and  in  this  manner  a  soft  illumination  may 
be  provided. 

The  ideal  way  of  lighting  a  hall  or  room  would,  however,  be 
to  produce  such  a  condition  in   it  that  an  illuminating  device 


could  be  moved  and  put  anywhere  and  that  it  is  lighted,  no  mat- 
ter where  it  is  put  and  without  being  electrically  connected  to 
anything.  I  have  been  able  to  produce  such  a  condition  by  creat- 
ing in  the  room  a  powerful,  rapidly  alternating  electrostatjc 
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field.  For  this  purpose  I  suspend  a  sheet  of  metal  a  distance  from 
the  ceiling  on  insulating  cords  and  connect  it  to  one  terminal  of 
the  induction  coil,  the  other  terminal  being  preferably  connected 
to  the  ground.  Or  else  I  suspend  two  sheets  as  illustrated  in 
Fig.  30,  each  sheet  being  connected  with  one  of  the  terminals 
of  the  coil,  and  their  size  being  carefully  determined.  An  ex- 
hausted tube  may  then  be  carried  in  the  hand  anywhere  be- 
tween the  sheets  or  placed  anywhere,  even  a  certain  distance 
beyond  them  ;  it  remains  always  luminous. 

In  such  an  electrostatic  field  interesting  phenomena  may  be  ob- 
served, especially  if  the  alternations  are  kept  low  and  the  poten- 
tials excessively  high.  In  addition  to  the  luminous  phenomena 
mentioned,  one  may  observe  that  any  insulated  conductor  gives 
sparks  when  the  hand  or  another  object  is  approached  to  it,  and 
the  sparks  may  often  be  powerful.  When  a  large  conducting 
object  is  fastened  on  an  insulating  support  and  the  hand  ap- 
proached to  it,  a  vibration  due  to  the  rythmical  motion  of  the 
air  molecules  is  felt,  and  luminous  streams  may  be  perceived  when 
the  hand  is  held  near  a  pointed  projection.  When  a  telephone 
receiver  is  made  to  touch  with  one  or  both  of  its  terminals  an  in- 
sulated conductor  of  some  size,  the  telephone  emits  a  loud  sound ; 
it  also  emits  a  sound  when  a  length  of  wire  is  attached  to  one  or 
both  terminals,  and  with  very  powerful  fields  a  sound  may  be 
perceived  even  without  any  wire. 

How  far  this  principle  is  capable  of  practical  application,  the 
future  will  tell.  It  might  be  thought  that  electrostatic  effects 
are  unsuited  for  such  action  at  a  distance.  Electromagnetic  in- 
ductive effects,  if  available  for  the  production  of  light,  might  be 
thought  better  suited.  It  is  true  the  electrostatic  effects  diminish 
nearly  with  the  cube  of  the  distance  from  the  coil,  whereas  the 
electromagnetic  inductive  effects  diminish  simply  with  the  dis- 
tance. But  when  we  establish  an  electrostatic  field  of  force  the 
condition  is  very  different,  for  then  instead  of  the  differential 
effect  of  both  the  terminals,  we  get  their  conjoint  effect.  Besides, 
I  would  call  attention  to  the  fact  that  in  an  alternating  electro- 
static field,  a  conductor,  such  as  an  exhausted  tube,  for  instance, 
tends  to  take  up  most  of  the  energy,  whereas  in  an  electromag- 
netic alternating  field  the  conductor  tends  to  take  up  the  least 
energy,  the  waves  being  reflected  with  but  little  loss.  This  is  one 
reason  why  it  is  difficult  to  excite  an  exhausted  tube  at  a  distance 
by  electromaffnetic  induction.     I  have  wound  coils  of  very  lar&re 
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diameter  and  of  many  turns  of  wire,  and  connected  a  G^issler 
tube  to  the  ends  of  the  coil  with  the  object  of  exciting  the  tube 
at  a  distance ;  but  even  with  the  powerful  inductive  effects  pro- 
ducible by  Leyden  jar  discharges,  the  tube  could  not  be  excited 
unless  at  a  very  small  distance,  although  some  judgment  was  used 
as  to  the  dimensions  of  the  coil.  I  have  also  found  that  even  the 
most  powerful  Leyden  jar  discharges  are  capable  of  exciting  only 
feeble  luminous  effects  in  a  closed  exhausted  tube,  and  even  these 
effects,  upon  thorough  examination,  I  have  been  forced  to  con- 
sider of  an  electrostatic  nature. 

How,  then,  can  we  hope  to  produce  the  required  effects  at  a  dis- 
tance by  means  of  electromagnetic  action,  when  even  in  the 
closest  proximity  to  the  source  of  disturbance,  under  the  most 
advantageous  conditions,  we  can  excite  but  faint  luminosity  ?  It 
is  true  that  when  acting  at  a  distance,  we  have  the  resonance  to 
help  us  out.  We  can  connect  an  exhausted  tube  or  whatever 
the  illuminating  device  may  be,  with  an  insulated  system  of 
the  proper  capacity,  and  so  it  may  be  possible  to  increase  the 
effect  qualitatively,  and  only  qualitatively,  for  we  would  not  get 
more  energy  through  the  device.  So  we  may,  by  resonance  effect, 
obtain  the  required  electromotive  force  in  an  exhausted  tube  and 
excite  faint  luminous  effects,  but  we  cannot  get  enough  energy  to 
render  the  light  practically  available,  and  a  simple  calculation^ 
based  on  experimental  results,  shows  that  even  if  all  the  energy 
which  a  tube  would  receive  at  a  certain  distance  from  the  source, 
would  be  wholly  converted  into  light,  it  would  hardly  satisfy  the 
practical  requirements.  Hence  the  necessity  of  directing,  by 
means  of  a  conducting  circuit,  the  energy  to  the  place  of  trans- 
formation. But  in  so  doing,  we  cannot  very  sensibly  depart  from 
present  methods,  and  all  we  could  do  would  be  to  improve  the 
apparatus. 

From  these  considerations,  it  would  seem  that  if  this  ideal  way 
of  lighting  is  to  be  rendered  practicable,  it  will  be  only  by  the 
use  of  electrostatic  effects.  In  such  a  case,  the  most  powerful 
electrostatic  inductive  effects  are  needed;  the  apparatus  employed 
must,  therefore,  be  capable  of  producing  high  electrostatic  poten- 
tials changing  in  value  with  extreme  rapidity.  High  frequencic  s 
are  especially  wanted,  for  practical  considerations  make  it  desira- 
ble to  keep  down  the  potential.  By  the  employment  of  machines 
or,  generally  speaking,  of  any  mechanical  apparatus,  but  low  fre- 
quencies can  be  reached;  recourse  must,  tlierefore.  be  had  to  some 
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other  means.  The  discharge  of  a  condenser  affords  ns  a  means  of 
obtaining  frequencies  by  far  higher  than  are  obtainable  mechani- 
cally, and  I  have  accordingly  employed  condensers  in  the  experi- 
ments to  the  above  end. 

When  the  terminals  of  a  high-tension  induction  coil  [Fig.  31] 
are  connected  to  a  Leyden  jar  and  the  latter  is  discharging  disrup- 
ruptively  into  a  circuit,  we  may  look  upon  the  arc  playing  between 
the  knobs  as  being  a  source  of  alternating  or,  generally  speaking, 
undulating  currents,  and  then  we  have  to  deal  with  the  familiar 
system  of  a  generator  of  such  currents,  a  circuit  connected  to  it 
and  a  condenser  bridging  the  circuit.  The  condenser  in  such  case 
is  a  veritable  transformer,  and  since  the  frequency  is  excessive, 
most  any  ratio  in  the  strength  of  the  currents  in  both  the  branches 
may  be  obtained.  In  reality  the  analogy  is  not  quite  complete, 
for  in  the  disruptive  discharge  we  have  most  generally  a  funda- 
mental instantiiieons  variation  of  comparatively  low  frequency 


Fig.  « I— Diagram  of  Connections  for  Converting  from  Hi^li 
to  Low  Tension  by  Means  of  the  Disruptive  Discbarge. 

and  a  superimposed  harmonic  vibration,  and  the  laws  governing 
the  flow  of  currents  are  not  the  same  for  both. 

In  converting  in  this  manner,  the  ratio  of  conversion  should  not 
be  too  great,  for  the  loss  in  the  arc  between  the  knobs  increases 
with  the  square  of  the  current,  and  if  the  jar  be  discharged  through 
very  thick  and  short  conductors,  with  the  view  of  obtaining  a  very 
rapid  oscillation,  a  very  considerable  portion  of  the  energy  stored 
is  lost.  On  the  other  hand,  too  small  ratios  are  not  practicable 
for  many  obvious  reasons. 

As  the  converted  currents  flow  in  a  practically  closed  circuit, 
the  electrostatic  effects  are  necessaiily  small,  and  I  therefore  con- 
vert them  into  currents  or  effects  of  the  required  character.  I  have 
effected  such  conversions  in  several  ways.  The  preferred  plan  of 
connections  is  illustrated  in  Fig.  32.  The  manner  of  operating 
renders  it  easy  to  obtain,  by  means  of  a  small  and  inexpensive  ap- 
paratu3,enorinou^  differences  of  potential  which  have  been  usually 
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obtained  by  means  of  large  and  expensive  coils.  For  this  it  is 
only  necessary  to  take  an  ordinary  small  coil,  adjust  to  it  a  con- 
denser and  discharging  circuit  forming  the  primary  of  an  auxili- 
ary small  coil,  and  convert  upwards.  As  the  inductive  effect  of 
the  primary  currents  is  excessively  great,  the  second  coil  need  have 
comparatively  but  very  few  turns.  By  properly  adjusting  the 
element,  remarkable  results  may  be  secured. 

In  endeavoring  to  obtain  the  required  electrostatic  effects  in 
this  manner,  I  have,  as  might  be  expected,  encountered  many  dif- 
ficulties which  I  have  been  gradually  overcoming,  but  I  am  not 
as  yet  prepared  to  dwell  upon  my  experiences  in  this  direction. 

I  believe  that  the  disruptive  discharge  of  a  condenser  will  play 
an  important  part  in  the  future,  for  it  offers  vast  possibilities  not 
only  in  the  way  of  producing  light  in  a  more  efficient  manner  and 
in  line  indicated  by  theory,  but  also  in  many  other  respects. 

For  years  the  efforts  of  inventors  have  been  directed  towards 


Fjo.  29.— Manner  of  Operating  an  Induction  Coil 


obtaining  electrical  energy  from  heat  by  means  of  the  thermopile. 
It  might  seem  invidious  to  remark  that  but  few  know  what  is  the 
real  trouble  with  the  thermopile.  It  is  not  the  inefficiency  or  small 
output — though  these  are  great  drawbacks — ^but  the  fact  that  the 
thermopile  has  its  phylloexra — that  is,  that  by  constant  use  it  is 
deteriorated,  which  has  thus  far  prevented  its  introduction  on  an 
industrial  scale.  Now  that  all  modem  research  seems  to  point  with 
certainty  to  the  use  of  electricity  of  excessively  high  tension,  the 
question  must  present  itself  to  many  whether  it  is  not  possible  to 
obtain  in  a  practicable  manner  this  form  of  energy  from  heat. 
We  have  been  used  to  look  upon  an  electrostatic  machine  as  a 
plaything,  and  somehow  we  couple  with  it  the  idea  of  the  ineffi- 
cient and  impractical.  But  now  we  must  think  differently,  for 
now  we  know  that  everywhere  we  have  to  deal  with  the  same 
forces  and  that  it  is  a  mere  question  of  inventing  proper  methods 
or  apparatus  for  rendering  them  available. 

In  the  present  systems  of  electrical  distribution  the  employment 
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of  the  iron  with  its  wonderful  magnetic  properties,  allows  ns  to 
reduce  considerably  the  size  of  the  apparatus;  but  in  spite  of  this 
it  io  still  very  cumbersome.  The  more  we  progress  in  the  study 
of  electric  and  magnetic  phenomena,  the  more  we  become  con- 
vinced that  the  present  methods  will  be  short  lived.  For  the  pro- 
duction of  light  at  least,  such  heavy  machinery  would  seem  to  be 
unnecessary.  The  energy  required  is  very  small,  and  if  light  can* 
be  obtained  as  efficiently,  as  theoretically  it  appears  possible,  the 
apparatus  need  have  but  a  very  small  output.  There  being  a 
strong  probability  that  the  illuminating  methods  of  the  future  will 
involve  the  use  of  very  high  potentials,  it  seems  very  desirable  to 
perfect  a  contrivance  capable  of  converting  the  energy  of  heat 
into  energy  of  the  requisite  form.  Nothing  to  speak  of  has  been 
done  towards  this  end,  for  the  thought  that  electricity  of  some 
50,000  or  100,000  volts'  pressure  or  more,  even  if  obtained  would 
be  unavailable  for  practical  purposes,  has  deterred  inventors  from 
working  in  this  direction. 

In  Fig.  31,  a  plan  of  connections  is  shown  for  converting  cur- 
rents of  high  into  currents  of  low  tension,  by  means  of  the  disrup- 
tive discharge  of  a  condenser.  This  plan  has  been  used  by  me 
frequently  for  operating  a  few  incandescent  lamps  required  in  the 
laboratory.  Some  difficulties  have  been  encountered  in  the  arc 
of  the  discharge,  which  I  have  been  able  to  overcome  to  a  great 
extent ;  besides  this  and  the  adjustment  necessary  for  the  proper 
working,  no  other  difficulties  have  been  met  with,  and  it  was  easy 
to  operate  ordinary  lamps  and  even  motors  in  this  manner.  The 
line  being  connected  to  the  ground,  all  the  wires  conld  be  handled 
with  perfect  impunity,  no  matter  how  high  the  potentials  at  the 
terminals  of  the  condenser.  In  these  experiments,  a  high-tension 
induction  coil,  operated  from  a  battery  or  from  an  alternate  cur- 
rent machine,  was  employed  to  charge  the  condenser ;  but  the 
induction  coil  might  be  replaced  by  an  apparatus  of  a  different 
kind,  capable  of  giving  electricity  of  such  high  tension.  In  this 
manner  direct  or  alternating  currents  may  be  converted,  and  in 
both  cases  the  current-impulses  may  be  of  any  desired  frequency. 
When  the  currents  charging  the  condenser  are  of  the  same  direc- 
tion, and  it  is  desired  that  the  converted  currents  should  also  be 
of  one  direction,  the  resistance  of  the  discharging  circuit  should, 
of  course,  be  so  chosen  that  there  are  no  oscillations. 

In  operating  devices  on  the  above  plan,  I  have  observed  curious 
phenomena  of  impedance  which  are  of  interest.     For  instance,  if 
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a  thick  copper  bar  be  bent  as  indicated  in  Fig.  33,  and  shnnted  by 
ordinary  incandescent  lamps,  then  by  passing  the  discharge  be- 
tween the  knobs,  the  lamps  may  be  brought  to  incandescence, 
although  they  are  short-circuited.  When  a  large  induction  coil  is 
employed,  it  is  easy  to  obtain  nodes  on  the  bar  which  are  ren- 
dered evident  by  the  different  degree  of  brilliancy  of  the  lamps, 
as  shown  roughly  in  Fig.  33.  The  nodes  are  never  clearly  pro- 
nounced, but  there  are  simply  maxima  and  minima  of  potential 
along  the  bar.     This  is  probably  due  to  the  irregularity  of  the 


Fig.  *JB — Lamp  Kept  at  iDcandesceDce  across  a  Thick  Copper  Bar— 
Bhowing  Nodes. 

arc  between  the  knobs.  In  general,  when  the  above-described 
plan  of  conversion  from  high  to  low  tension  is  used,  the  behavior 
of  the  disruptive  discharge  may  be  closely  studied.  The  nodes 
may  also  be  investigated  by  means  of  an  ordinary  Cardew  voltme- 
ter, which  should  be  well  insulated.  Geissler-tubes  may  also  be 
lighted  across  the  points  of  the  bent  bar.  In  this  case,  of  course, 
it  is  better  to  employ  smaller  capacities.  I  have  found  it  practi- 
cable to  light  up  in  this  manner  a  lamp  and  even  a  Qeissler  tube 
shunted  by  a  short,  heavy  block  of  metal,  and  this  result  seems  at 
first  very  curious.     In  fact,  the  thicker  the  copper  bar  in  Fig.  33. 
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the  better  it  is  for  the  saccess  of  the  experiments,  as  they  appear 
more  striking.  When  lamps  with  long  slender  filaments  are  used, 
it  will  be  often  noted  that  the  filaments  are  from  time  to  time 
violently  vibrated,  the  vibration  being  smallest  on  the  nodal 
points.  This  vibration  seems  to  be  due  to  an  electrostatic  action 
between  the  filament  and  the  glass  of  the  bnlb. 

In  some  of  the  above  experiments  it  is  preferable  to  use  special 
lamps  having  a  straight  filament,  as  shown  in  Fig.  34.  When  such 
a  lamp  is  used  a  still  more  curious  phenomenon  than  those  de- 
scribed may  be  observed.  The  lamp  may  be  placed  across  the 
copper  bar  and  lighted,  and  by  using  somewhat  larger  capaci- 
ties or,  in  other  words,  smaller  frequencies,  or  smaller  impulsive 
impedances,  the  filament  may  be  brought  to  any  desired 
degree  of  incandescence.  But  when  the  impedance  is  in- 
creased, a  point  is  reached  when   comparatively  little  current 


Fio.  84. — Pkenomenon  of  Impedance  in  an  Incandescent  Lamp. 

parses  through  the  carbon  and  most  of  it  through  the  rare- 
fied gas,  or  perhaps  it  may  be  more  correct  to  state  that 
the  current  divides  nearly  evenly  through  both,  in  spite  of  the 
enormous  difference  in  the  resistance,  and  th's  would  be  true  un- 
less the  gas  and  the  filament  behave  differently.  It  is  then  noted 
that  the  whole  bulb  is  brilliantly  illuminated  and  the  ends  of  the 
leading-in  wires  become  incandescent  and  often  throw  off  sparks 
in  consequence  of  the  violent  bombardment ;  but  the  carbon  fila- 
ment remains  dark.  This  is  illustrated  in  Fig.  34.  Instead  of  the 
filament,  a  single  wire  extending  through  the  whole  bulb  may  be 
used,  and  in  this  case  the  phenomenon  would  seem  to  be  still  more 
interesting. 

From  the  above  experiment  it  will  be  evident  that  when  ordi- 
nary lamps  are  operated  by  the  converted  currents,  those  should 
be  preferably  taken  in  which  the  platinum  wires^aije^l^r^ag^^ A^^ 
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the  frequencies  used  should  not  be  too  great,  else  the  discharge 
will  occur  at  the  ends  of  the  filament  or  in  the  base  of  the  lamp 
between  the  leading-in  wires,  and  the  lamp  might  then  be  dam- 
aged. 

In  presenting  to  you  these  results  of  my  investigation  on  the 
subject  under  consideration,  I  have  paid  only  a  passing  notice  to 
facts  upon  which  I  could  have  dwelt  at  lengtli,  and  among  many 
observations  1  have  selected  only  thoFe  which  I  thought  most 
likely  to  interest  you.  The  field  is  wide  and  completely  unex- 
plored, and  at  every  step  a  new  truth  is  gleaned,  a  novel  fact 
observed. 

How  far  the  results  here  borne  out  are  capable  of  practical  ap- 
plications, will  be  decided  in  the  future.  As  regards  the  produc- 
tion of  light,  some  results  already  reached  are  encouraging  and 
make  me  confident  in  asserting  that  the  practical  solution  of  the 
problem  lies  in  the  direction  I  have  endeavored  to  indicate.  Still, 
whatever  may  be  the  immediate  outcome  of  these  experiments,  I 
am  hopeful  that  they  will  only  prove  a  step  to  further  develop- 
ment towards  the  ideal  and  final  perfection.  The  possibilities 
wliich  are  opened  by  modern  research  are  so  vast  that  even  the 
most  reserved  must  feel  sanguine  of  the  future.  Eminent  scien- 
tists consider  the  problem  of  utilizing  one  kind  of  radiation  with- 
out the  others,  a  rational  one.  In  an  apparatus  designed  for  the 
production  of  light  by  conversion  of  any  form  of  energy  into  that 
of  light,  such  a. result  can  never  be  reached,  for  no  matter  what 
the  process  of  producing  the  required  vibrations,  be  it  electrical, 
chemical  or  any  other,  it  will  not  be  possible  to  obtain  the  higher 
light  vibrations  without  going  through  the  lower  heat  vibrations. 
It  is  the  problem  of  imparting  to  a  body  a  certain  velocity  with- 
out passing  through  all  lower  velocities.  But  thereis  a  possibility 
of  obtaining  energy  not  only  in  the  form  of  light,  but  motive 
power  and  energy  of  any  other  form  in  some  more  direct  way  from 
the  medium.  The  time  will  be  when  this  will  be  accomplished, 
and  the  time  has  come  when  one  may  utter  such  words  before  an 
enlightened  audience,  without  being  considered  a  visionary.  We 
are  whirling  through  the  endless  space  with  an  inconceivable 
speed;  all  around  us  everything  is  spinning,  everything  is  moving, 
everywhere  is  energy.  There  must  be  some  way  of  availing  our- 
selves of  this  energy  more  directly  ;  then,  with  the  light  obtained 
from  the  medium,  with  the  power  derived  from  it,  with  every 
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form  of  energy  obtained  without  effort  from  the  store  forever  in- 
exhaustible, humanity  will  advance  with  giant  strides.  The  mere 
contemplation  of  these  magnificent  possibilities  expands  our 
minds,  strengthens  our  hopes  and  fills  our  hearts  with  supreme  de- 
lifirht. 
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GENEKAL  MEETING, 
Thursday,  May  218t,  1891. 


MORNING    SESSION. 


The  meeting  was  called  to  order  at  1 L  A.  M.  Vice-President 
Lockwood  in  the  Chair. 

The  Secretary  : — Mr.  Chairman,  there  is  an  item  of  busi- 
ness referred  to  in  the  programme  which  I  will  explain,  and  then 
offer  a  resolution.  The  programme  says  that  an  official  invita- 
tion has  been  extended  to  the  Institute,  to  take  part  in  the  com- 
ing International  Electrical  Congress,  to  be  held  in  September. 

Several  of  our  members  expect  to  attend  the  Frankfort  Exhi- 
tion  this  summer,  among  whom  are  Mr.  Hering  of  Philadelphia 
and  Dr.  Nichols.  It  is  uncertain  at  this  time  how  many  will  be 
there  at  the  <late  of  this  Electrical  Congress.  The  proposition  is 
that  the  President  be  authorized  to  appoint  delegates  to  attend 
this  Congress  and  then  afterward  to  name  such  persons  as  it  will 
be  found  convenient  to  have  represent  us  on  account  of  their  be- 
ing on  the  ground.  I  therefore  move  that  three  or  five  delegates  be 
appointed  l)y  the  Chair  at  its  convenience  to  represent  the  Amer- 
ican Institute  of  Electrical  Engineers  at  the  Electrical  Congress 
to  be  held  at  Frankfort,  Germany. 

Prof.  Anthony  : — I  second  the  motion. 

The  Chairman  : — It  is  moved  and  seconded  that  three  or  five 
delegates  be  appointed  to  represent  the  American  Institute  of 
Electrical  Engineers  at  the  Electrical  Congress  of  the  Frankfort 
Exposition  and  that  the  (.^liair  make  the  appointments  at  its  con- 
venience. 

[The  motion  was  adopted,  and  Mr.  Carl  Hering,  Prof.  Richard 
O.  Heinrich,  Dr.  Edward  L.  Nichols,  Mr.  Ludwig  Gutmann,  and 
Mr.  Nikola  Tesla  were  subsequently  appointed  delegates  ] 

The  Chairman: — We  have  leftover  from  yesterday's  pro- 
gramme a  paper  of  Mr.  Frank  J.  Spra^jiie,  on  the  Rapid  Transit 
problem.  I  understand  that  Mr.  Sprague  is  not  yet  here,  but 
that  he  will  be  present  in  the  course  of  the  morning. 

The  next  paper  to  be  read  is  one  upon  an  Alternate  Current 
Potentiometer,  by  Prof.  Geo  S.  Moler,  of  Cornell  University.  I 
believe  Dr.  Nichols  has  the  paper  in  charge 

Dr.  Nichols  : — Prof.  Moler  is  unable  to  be  here  and  I  am  au- 
thorized to  read  the  paper  for  him  with  the  permission  of  the 
Institute. 

Dr.  Nichols  then  read  the  following  paper :  OoOQle 
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AK  ALTERNATE  CUKKENT  POTENTIOMETER. 


BT  QEORGE  8.  MOLEB. 

This  device  is  designed  for  the  purpose  of  determining  what 
values  of  the  potentials  of  alternating  currents  will  produce  given 
effects,  and  is  intended  to  be  used  mainly  in  calibrating  alternate 
current  voltmeters.  It  may  also  be  used  as  a  voltmeter,  applying 
it  directly  to  the  alternate  current  to  be  measured.  By  means  of 
this  apparatus  we  may  determine  whether  the  instrument  winch 
is  being  calibrated  changes  its  reading  for  other  rates  of  alterna- 
tions. This  is  shown  by  comparing  the  calibration  curves 
obtained  by  using  widely  different  rates  of  alternations. 

Tlie  instrument,  briefly  described,  is  as  follows :  An  incan- 
descent lamp  is  so  arranged  and  connected  that  it  can  be  switched 
back  and  forth  from  the  terminals  of  an  alternating  current  line 
to  those  of  a  direct  current  line,  which  can  be  altered  in  voltage 
till  the  lamp  glows  with  the  same  intensity  when  fed  by  either 
line.  Then,  while  switched  into  the  direct  current  line,  the 
voltage  of  that  line  is  measured  by  a  direct  current  standard 
voltmeter  or  potential  instrument,  and  the  voltage  so  read  is 
equivalent  to  that  of  the  alternating  current,  which  produces  the 
same  effect  in  the  lamp.  The  switch  is  so  constructed  that  it 
snaps  back  and  forth,  making  the  change  of  connection  so  quickly 
that  the  slightest  change  of  intensity  of  the  light  can  be  easily 
detected.  The  lamp  has  a  blackened  hood  with  an  opening  in 
one  side  through  which  it  is  viewed  while  the  sliding  resistance 
is  being  adjusted.  This  enables  the  observer  to  make  a  much 
closer  setting  than  otherwise.  A  very  close  setting  may  also  he 
made  by  observing  the  slight  reflection  of  the  light  from  \\u\ 
blackened  surface  of  the  hood.  (^ r^r^t^\r> 
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The  lamp  and  switcli  are  arranged  and  connected  in  the  follow- 
ing manner :  Referring  to  the  diagram,  a  is  the  alternate  current 
dynamo,  or  line,  of  which  we  wish  to  determine  the  effective  dif- 
ference of  potential  in  volts  between  its  two  terminals,  b 
and  o;  d  is  a  storage  battery  or  direct  current  dynamo  of 
higher  voltage  than  the  alternate  current  to  be  measured.  A 
switch,  E,  made  to  snap  back  and  forth  by  means  of  a  stiff  spring, 
changes  the  incandescent  lamp,  f,-  from  the  alternating  current 
to  the  direct  current  and  vice  versa.  By  connecting  the  two 
extremities  of  a  resistance,  h,  to  the  battery,  d,  and  sliding  the 
contact  point,  i,  such  a  place  can  be  found  that  the  intensity  of 
illumination  will  be  the  same  for  both  currents. 

After  the  contact,  i,  is  adjusted,  the  standard  voltmeter,  g,  is 
read  while  the  direct  current  is  flowing  through  the  lamp,  and 


-   D 


Alternate  Current  Potentiometer. 


this  voltage  is  taken  as  the  equivalent  voltage  of  the  alternate 
current. 

A  series  of  lamps  of  different  voltages  affords  a  greater  range 
to  the  instrument  than  could  be  obtained  \x  ith  one  lamp  only. 
These  may  all  be  connected  to  the  switch  and,  beginning  at  the 
one  of  highest  voltage,  one  after  another  may  be  tried  till  the  best 
one  is  found. 

For  higher  voltages  than  the  highest  voltage  lamp  will  stand, 
a  numbei'  of  lamps  may  be  used  in  series,  and  the  fall  of  poten- 
tial for  all,  or  for  each  individual  lamp,  can  be  measured  by 
means  of  its  voltmeter. 

The  resistance,  h,  must  necessarily  be  great  enough  in  amount 
so  that  only  a  small  current  will  be  allowed  to  flow  through  it,  so 
that  the  consumption  of  energy  will  be  small,      uigtzed  by  vjOOqIc 
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Instead  of  having  the  switch  and  lamp  connected  in  a  shnnt 
line  to  the  resistance  h,  it  may  be  connected  in  series  with  h, 
which  must  then  be  arranged  so  that  it  can  be  varied  in  amount. 
If  a  source  of  constant  potential  large  enough  in  amount  is  avail- 
able, the  apparatus  may  be  used  for  a  voltmeter  for  direct  or 
alternating  currents.  To  use  it  in  this  manner,  we  calibrate  the 
apparatus  to  find  the  potentials  at  the  terminals  of  the  lamp  for 
different  pot^itions  of  the  contact  points  i  and  j,  and  construct  a 
curve,  using  the  positions  of  i  and  j  as  abcissse  and  the  diflEer- 
ences  of  potential  of  those  points  as  ordinatee.  Then,  when 
using  the  apparatus  as  a  voltmeter,  we  read  the  values  from  this 
curve  instead  of  from  a  voltmeter  connected  to  the  switch. 

The  apparatus  was  tested  in  the  following  manner  to  determine 
its  sensitiveness,  and  to  what  extent  its  indications  can  be  relied 
upon :  The  terminals  b  and  c  were  connected  to  the  same  resist- 
ance H  by  two  other  contact  points,  and  these  connections  were 
changed  several  times  to  include  different  amounts  of  that 
resistance.  Each  time  this  was  done  the  contact  point  i  was 
moved  along  till  the  lamp  seemed  tu  indicate  the  same  candle 
power  for  both  positions  of  the  switch.  The  readings  of  poten- 
tial for  both  positions  were  then  made  upon  a  standard  potential 
galvanometer  which  has  a  scale  graduated  to  millimetres,  and 
upon  which  a  double  deflection  of  one  cm.  means  one  volt. 
Upon  this  instrument  readings  could  be  estimated  to  one  tenth 
of  a  mm.,  giving  volts  to  the  second  decimal  place.  The  accom- 
panying table  of  results  were  the  first  part  of  the  first  set  taken  in 
this  manner  and  were  consecutive.  They  were  taken  without 
any  preliminary  practice.  From  this  it  will  be  evident  that  the 
adjustment  of  the  light  can  be  made  to  within  one-tenth  of  a 
volt. 

LEFT  CONTACT.   RIGHT  CONTACT. 

VOLTS.  VOLTS.  DIFF. 

29.95  29.85  +.1 

29.«2  29.60  -f-.02 

33.07  33.11  —.04 

37.56  37.55  +.01 

42.52  42.60  —.08 

60.95  60.90  +.05 

74.68  74.72  —.04 

Physical  Laboratory  of  Cornell  University,  May  9tli,  IH91. 
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Discussion^ 

The  Chairm^ln  : — You  have  read  the  paper  and  you  have 
heard  Dr.  Niehol's  abstract  of  it.  A  full  and  free  discussion  is 
in  order.  We  shall  be  glad  to  hear  from  as  many  members  as 
may  have  studied  the  subject,  and  others  who  are  in  search  of 
information. 

Mb.  G.  W.  Blodgett  : — I  would  like  to  ask  if  it  makes  any 
difference  what  kind  of  a  lamp  is  used  or  whether  one  must  use 
some  particular  lamp  for  a  particular  instrument. 

Dr.  Nichols  :— The  lamp  1  think  is  a  matter  of  no  consequence, 
only  in  order  to  get  the  best  result  the  lamp  should  be  more 
than  red  hot.  You  will  find  the  sensitiveness  to  increase  as  the 
brightness  of  the  lamp  increases  up  to  a  certain  point.  It  is  best 
to  have  a  lanip  the  voltage  of  which  is  about  that  which  is  to  be 
measured.  Through  a  wide  range  of  intensities  in  a  lamp,  the 
accuracy  is  not  materially  diminished.  Any  constant  current 
voltmeter  can  be  used  for  reading  the  voltage  on  that  side  of  the 
switch.  In  order  that  your  result  may  be  correct  you  should 
have  a  constant  current  voltmeter  which  gives  correct  indi- 
cations. 

Prof.  Thomson  : — As  to  the  degree  of  accuracy  attainable  in 
this  way  if  I  remember  correctly,  some  tests  were  undertaken 
some  two  or  three  years  ago  by  us  to  determine  how  much  vari- 
ation was  possible  in  a  lamp  without  affecting  the  apparent  illu- 
mination or  what  was  the  smallest  increase  or  decrease  of  voltage 
suddenly  brought  on  that  would  show  in  a  lamp,  and  I  think  it 
was  about  i-h)  of  a  volt.  It  could  be  detected  by  watching  the 
lamp  very  closely — simply  cutting  in  and  out  a  resistance  in  cir- 
cuit with  the  lamp  quicKJy  we  could  detect  al)out  1-10  of  a  volt, 
which  of  course  would  confirm  the  method  as  accurate  to  that 
extent. 

Mr.  Weston: — I  was  not  present  when  Prof.  Nichols  read 
the  paper  but  as  I  understand  the  matter  it  is  proposed  to  use  an 
incandescent  lamp  as  an  indicator  to  measure  the  potential  differ- 
ence of  an  alternating  current  circuit  That  is,  we  are  to  place 
an  incandescent  lamp  on  the  alternating  current  circuit,  the  po- 
tential difference  of  which  is  to  be  determined  and  note  the  de- 
free  of  brilliancy  of  the  lamp,  we  tlien  transfer  the  lamp  to  a 
irect  current  circuit  and  adjust  the  current  passing  until  the 
lamp  has  the  same  brilliancy  as  on  the  alternating  current  cir- 
cuit, we  then  measure  the  potential  at  the  terminals  of  the  lamp. 
The  result  expresses  the  difference  of  potential  on  the  alterna- 
ting current  circuit.     Is  that  the  proposition  ? 

Dr.  Nichols  : — Yes. 

Mr.  Weston  : — That  being  the  case,  I  can  say  from  experi- 
ence that  the  method  is  capable  of  vielding  very  accurate  results. 
Some  three  years  ago  I  suggested  the  same  method  to  one  of  my 

1.  By  Messrs.  Blodgetl,  Nichols,  Thomson,  Weston,  Geo.  Forbes,  Johff 
Waring  and  Lockwood. 
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assistants,  and  it  was  used  by  him  in  solving  a  somewhat  difficult 
problem  in  connection  with  an  alternating  current  voltmeter  of 
great  sensibility  and  portability.  I  think  the  method  was  used 
about  three  years  ago. 

To  determine  the  brilliancy  of  the  lamp,  a  photometer  was 
used.  The  degree  of  accuracy  is  somewhat  dependent  upon  the 
lamp  used,  or  its  decree  of  brilliancy.  The  greater  the  brilliancy, 
within  certain  limits,  the  greater  the  accuracy  of  the  method. 
The  method  is  undoubtedly  capable  of  yielding  very  accurate  re- 
sults. 

Dr.  Nichols  : — I  think  that  it  will  be  found  that  there  is  a 
limit  to  the  brilliancy  of  the  lamp  which  you  can  use  in  prac- 
tice, on  account  of  the  eye.  If  you  have  too  bright  a  light,  the 
eye  is  not  susceptible  to  small  changes.  Probably  there  is  a  max- 
imum brightness  which  should  be  used,  in  order  to  give  the  max- 
imum sensitiveness  of  the  method.  The  change  of  the  lamp  will, 
of  course,  increase  as  you  increase  the  intensity  of  the  lamp.  If 
you  go  to  a  point  where  the  lamp  dazzles  the  eye,  the  eye  by  its 
decreasing  sensitiveness  will  overcome  this.  Our  experiments 
thus  far,  go  to  confirm  Mr.  Weston's  statement  that  the  lamp 
should  be  burned  at  quite  a  high  temperature. 

PitOF.  George  Forbes  : — i  would  suggest  that  there  is  a  very 
simple  way  of  enormously  increasing  the  sensitiveness  of  this 
metnod.  As  I  understand  it,  the  way  m  which  you  use  it  at  pres- 
ent is  to  look  at  the  lamp  while  the  continuous  current  is  serving 
it,  and  then  switch  it  over  to  the  alternating  current,  and  then 
judge  which  is  the  brightest,  doing  it  rapidly  backward  and  for- 
ward. It  seems  to  me  that  that  method  would  be  enormously 
more  sensitive  if  you  applied  two  lamps,  and  used  them  in  a 
properly  constructed  photometer  with  a  switch  arrangement, 
which  enables  you  to  connect  either  of  them,  with  the  alter- 
nating or  continuous  current.  Thus  you  would  adjust  the  poten- 
tial 01  the  continuous  current  until  you  got  very  near  equality, 
but  you  would  find  that  one  of  the  lamps  was  always  a  little 
brighter  than  the  other,  owing  to  the  inequality  of  the  lamps. 
You  would  then  alter  the  distance  of  the  lamps  from  the  photo- 
metric screen  slightly,  so  that  on  reversing  the  current  you  would 
get  an  absolute  equality,  and  then  you  would  be  able  to  arrive  at 
a  much  closer  comparison,  and  it  would  not  matter  if  there  was  a 
very  slight  difference  in  the  illuminating  power  of  the  two  lamps 
with  different  voltages.  I  feel  perfectly  sure  that  this  would  in- 
crease the  sensitiveness  of  the  method  about  ten  fold. 

The  Chairman  : — 1  would  like  to  ask  those  gentlemen  who 
have  made  this  matter  a  subject  of  study,  whether  the  eye  doesn't 
eventually  tire  in  watching  the  indications  of  the  incandescent 
lamps.  I  know  the  ear  tires  in  performing  kindred  operations 
for  the  telephone.  I  should  imagine  the  eye  would  tire  a  little 
sooner  than  the  ear,  if  anything. 

Prof.  Nichols  : — I  think  there  is  no  question  about  thatp.  Al«r 
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one  who  works  with  a  photometer  becomes  very  weary.  I 
do  not  know,  however,  whether  the  eye  tires  more  quickly  in 
watching  an  incandescent  lamp  and  its  changing,  provided  it  be 
not  too  brilliant,  than  in  reading  closely  a  scale.  I  think  reading 
a  scale  rapidly  will  tire  the  eye  almost  as  soon  as  the  other  opera- 
tion. 

Mr.  John  Waring  : — I  think  that  the  eye  does  tire,  if  you 
watch  an  incandescent  lamp  that  is  up  to  its  normal  candle  power 
At  the  Perkins  lamp  factory  we  occasionally  get  a  lamp  with  a 
bad  spot  in  the  carbon,  which  comes  througE  the  pump  r(»om 
without  being  noticed.  To  pick  those  out  we  are  usiug  at  the 
present  time  a  photographic  lens,  which  throws  the  image  of  the 
carbon  on  a  screen  right  in  front  of  the  person  -who  is  using  the 

Shotometer.  The  lignt  in  the  photometer  is  so  mild  that  the  eye 
oesn't  tire  at  all.  W  ith  a  single  glance  at  the  screen,  the  ob- 
server can  readily  discover  slignt  diflEerences  in  the  carbon,  while 
the  person  who  is  hanging  the  lamps  will  have  his  eyes  so  fatigued 
with  the  bright  light  that  ne  cannot  see  these  slight  defects  at  all, 
and  I  should  think  that  in  any  work  where  a  person  tried  to  look 
at  a  lamp  of  normal  candle  power,  the  eye  would  soon  become 
fatigued. 

Mr.  Weston  : — For  several  years  I  had  occasion  to  make  nu- 
merous photometric  tests  of  incandescent  lamps,  and  also  had 
several  assistants  engaged  in  this  work.  I  never  observed  any 
fatigue  of  the  eyes,  wliich  deprived  them  of  their  power  to  dis- 
tinguish slight  changes  in  the  illuminating  power  of  the  lamps, 
nor  did  any  of  my  assistants  ever  refer  to  such  fatigue  Of  course 
if  the  eyes  are  suddenly  and  frequently  exposed  to  very  bright 
light  and,  then  to  the  feeble  light  on  the  photometric  screen,  I 
should  expect  them  to  fail  to  observe  slight  changes  in  illumin- 
ating power.  I  am  inclined  to  think  that  when  fairly  used,  the 
eyes  mav  be  depended  upon  to  distinguish  very  minute  changes 
in  the  illuminating  power  of  lamps,  provided  the  color  of  the 
light  from  the  standard  is  nearly  the  same  as  that  of  the  lamp  to 
be  measured.  I  presume  that  TProf .  Thomson  has  had  much  ex- 
perience with  the  photometer,  in  measuring  the  candle  power  of 
incandescent  lamps,  and  has  probably  noticed  that  the  eye  does 
not  get  tired,  when  used  properly.  I  am  inclined  to  the  belief 
that  a  skillful  observer  will  make  just  as  accurate  determinations 
in  the  latter  part  of  a  day's  work  as  the  earlier,  probably  even 
more  accurate. 

Prof.  Thomson  : — My  own  personal  opinion  about  the  matter 
would  be  that  the  eye  as  an  instrument  is  a  remarkably  eflScient 
one,  and  not  subject  to  tiring,  but  that  it  really  is  the  attention 
that  tires.  If  you  look  for  an  action  that  is  slight  and  there  is  a 
concentrated  attention  on  such  slight  change,  I  think  it  is  prob- 
ably the  brain  molecule  back  of  the  eye  that  becomes  tired.  Per- 
haps the  eye  is  capable  of  keeping  up  the  record  of  images  al- 
most indennitely,  but  back  of  that  tne  capability^  dgp§H^^^]^g;\o§{^ 
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altogether  on  the  strain  on  the  nervous  structure— how  slight  an 
effect  is  to  be  looked  for  and  how  often  you  must  do  it  in  a  giv- 
en space  of  time. 

The  Chairman:— I  confess  for  my  part  that  I  think  we  are 
too  much  accustomed  to  speak  of  the  functions  of  the  eye  and 
the  ear  and  the  other  organs  of  sensation  when  we  should  rather 
regard  them  as  simply  the  agencies  whereby  impressions  are  con- 
veyed to  the  brain.  Of  course  then  it  is  the  attention  which  we 
have  to  fix  upon  these  different  impressions  and  these  different 
things  which  we  are  studyin^r  at  any  one  time  which  fatigues  the 
brain.  When  we  have  to  fix  our  attention  constantly  upon  one 
thing,  no  matter  what,  since  an  effort  is  required  to  fix  it  there, 
I  imagine  that  portion  of  the  brain  becomes  a  little  fatigued,  and 
after  a  rest  it  is  better  capable  of  receiving  that  impression  in  a 
fresh  manner. 

If  there  are  no  further  remarks,  we  will  proceed  to  the  next 
paper,  "  Considerations  Which  Should  Govern  the  Selection  of  a 
Eapid  Transit  System  in  New  York  City." 

Mr.  Sprague  then  read  the  following  paper  : 
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A  paper  read  at  the  General  Meeting  o/  the  A  mer- 
ican  Institute  of  Electrical  Engineers^  New 
Yorky  May  2ist^  iSqty  Vice-President  LocktMod 
in  the  chair. 


CONSIDERATIONS  WHICH  SHOULD  GOVERN  THE 
SELECTION  OF  A  RAPID  TRANSIT  SYSTEM. 


BY   FRANK   J.    8PRAGUE. 


It  has  been  but  a  short  time  since  the  Legislature  of  New 
York,  in  response  to  public  demands  as  voiced  by  the  press,  in 
petitions,  and  through  the  personal  efforts  of  the  representatives 
of  this  city,  enacted  a  rapid  transit  law  to  create  a  Board  of 
Commissioners  with  large  powers  for  the  purpose,  of  determin- 
ing rapid  transit  routes  for  this  city. 

During  the  past  three  months  the  Commission  appointed  un- 
der this  law  has  held  numerous  public  meetings,  at  which  vari- 
ous systems  have  been  proposed.  These  meetings  are  now  prac- 
tically at  an  end,  and  it  is  currently  reported  that  a  portion  at 
least  of  the  rapid  transit  routes  have  been  determined.  Since 
this  subject  of  transit  is  one  which  has  a  most  important  bearing 
upon  present  and  future  I^ew  York,  and  is  one  in  which  the 
public  has  vital  interest,  it  is  eminently  proper  that  so  much  of 
the  Commission's  deliberations  as  have  through  its  chairman 
been  reported  should  be  the  subject  of  public  comment  and  criti- 
cal analysis. 

The  public  is  naturally  impatient  in  demanding  results,  and 
has  been  unduly  free  in  criticisms  directed  against  the  members 
of  the  Commission,  often  assigning  ti»  them  motives  and  pro- 
posed actions  based  upon  their  known  or  assumed  business  asso- 
ciations, which  criticisms  are  undoubtedly,  in  many  instances  at 
least,  wholly  unjust.  On  one  subject,  however,  that  public  is 
particularly  sensitive.  It  sees  the  daily  encroachments  made  by 
the  Manhattan  system,  apparently  under  cover  of  the  law  but  in 
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direct  violation  of  its  express  provisions,  and  has  no  reason  to 
be  other  than  suspicious  of  the  acts  and  intents  of  that  corpora- 
tion. 

Probably  there  is  no  more  flagrant  example  of  this  than  the 
present  work  being  carried  on  from  59th  street  up,  on  the  Har- 
lem division  Already  the  cross  girders  connecting  the  two 
track  structures  for  nearly  the  entire  section  from  72d  street,  to 
above  155th  street,  have  been  replaced  by  heavy  lattice  girders 
on  which  are  supported  either  lattice  or  plate  longitudinal  gird- 
ers, for  a  third  track.  On  a  large  portion  of  this  section  the 
third  track  has  already  been  laid.  The  method  adopted  seems 
to  be  the  construction  of  a  switch  connection  of  moderate  length, 
the  connection  of  which  with  the  main  track  is  eliminated  as 
soon  as  another  adjoining  section  is  completed.  The  rapid  tran- 
sit law  expressly  forbids  the  laying  of  any  third  track  except 
with  the  concurrence  of  every  member  of  the  Commission,  and 
since  no  steps  are  taken  to  prevent  this  construction,  and  since  it 
seems  likely  that  the  Manhattan  company  would  not  go  to  the 
expense  of  making  this  change  without  some  assurance  that  it 
would  have  the  necessary  pennission  granted  to  it,  or  that  it 
would  not  be  interfered  with,  the  public  naturally  ask.  What  is 
the  influence  possessed  by  this  company  'i  How  far  does  it  dom- 
inate the  Rapid  Transit  Commission  ? 

I  will  not  undertake  to  answer  these  questions,  but  it  should 
be  remembered  that  this  Commission  is  composed  of  five  men 
whose  selection  at  the  time  made  met  with  general  commenda- 
tion ;  that  they  are  each  men  of  independent  fortune ;  each  is 
distinguished  in  certain  independent  business  lines ;  and  all  are 
recognized  as  men  of  public  spirit,  capacity  and  probity.  They 
are,  moreover,  armed  with  great  authority,  can  be  safely  said  to 
be  conscious  of  the  gravity  of  their  decision,and  intent  on  giving 
to  it  most  serious  and  weighty  consideration. 

It  is  then  fair  to  accord  to  them  an  honest  desire  to  make  a 
determination  of  this  question  of  such  character  as  will,  both  in 
the  present  and  in  the  future,  prove  to  be  undeniably  the  best, 
reserving  the  right  of  criticism  both  of  result  and  motives  until 
after  the  announcement  of  a  decision  which  should  not  be  undu- 
ly hurried. 

Before  considering  the  current  reports  of  the  Commission's 
deliberations,  a  general  review  of  the  subject  may  be  advisable. 
There  are  two  classes  of  people  who  are  concerned  in  the  final 
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decision  made,  the  public  and  the  capitalists.       In  order  to  satis- 
fy as  far  as  possible  the  demands  of  both,   some  of  which  are 

common,  it  is  well  to  examine  them  separately. 
To  accomodate  the  public,  it  is  necessary  to : 

Ist.  Supply  present  demands  by  following  as  nearly  as  possible 
the  most  important  existing  arteries  of  travel.  An  express 
train  on  tiie  banks  of  the  Hudson  would  be  of  little  use  to 
Broadway. 

2nd.  Provide  for  those  future  lines  of  traffic  which,  other  things 
being  equal,  will  most  naturally  be  formed. 

3rd.  Make  the  most  numerous  and  convenient  connections  for 
existing  and  projected  local  and  suburban  transit  lines  in 
directions  other  than  those  followed  by  the  main  system. 

4th.  Interfere  least  with  changes  in  present  buildings,  or  the 
erection  of  future  ones.  In  no  city  in  the  world  is  this 
change  more  pronounced  or  continuous. 

5th.  Cause  the  least  disturl)ance  to,  or  weakness  of  foundations, 
present  o  •  future,  and  unnecessary  displacement  of  service 
pipes,  whether  steam,  gas,  electric,  air  or  sewer. 

6th.  Avoid  disfigurements  of  streets  and  unnecessary  appropria- 
tion of  them. 

7th.  Inflict  the  least  damage  to  property,  either  during  construc- 
tion or  afterwards  in  operation. 

8th.  Provide  the  highest  express  and  way  speeds,  each  on  inde- 
pendent tracks. 

9th.  Attain  this  last  with  the  least  liability  of  derailment  or 
other  accident. 

l()th.  Provide  the  easiest  access  to  stations,  taking  of  all  trains 
from  one  station,  transfer  from  way  to  express  trains  and 
vice  versa,  from  up  to  down  trains,  or  to  cross-town  trains, 
or  other  intersecting  lines. 

Ilth.  Finally,  it  should  be   built   as   quickly   as  possible,   and 
should  possess  great  flexibility. 
To  attract  capital,  the  system  : 

1st.  Should  afford  a  reasonable  and  certain  return  on  the  money 
invested  in  the  near,  and  a  greater  return  in  the  remote  fu- 
ture. 

To  do  this,  the  road  must  attract  passengers,  which  it  will 
do  by  following  the  main  arteries  of  travel  and  by  affording 
increased  speed,  with  increased  comfort  and  safety. 


Must  be  built  economically,  and  as  cheaplv  as  possible  ( 
sistent  with  sound  plans  for  future  growtK  ^^  ^ 
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3d.    The  cost  should  be  calculable  with  reasonable  accuracy. 
This  cost  is  comprised  in  a  number  of  elements,  as  follows : 
Preparation  of  Way^  such  as  tearing  down  buildings,  dig- 
ging up  streets,  moving  pipe  systems,  altering  sewers,  sink- 
ing of  shafts,  etc. 

Actual  Construction^  such  as  building  of  viaducts,  erect- 
ing superstructures,  driving  tunnels,  laying  road-beds. 

Temporary  Damia^e  to^  and  blocking  of  public  and  private 
business  and  travel  daring  construction. 

Permanent  Damiage  to  Property^  whether  caused  by  prox- 
imity to  road,  noise,  dirt  or  vibration,  weakening  of  founda- 
tions, or  interference  with  future  buildings. 

Building  Spa^  Taken  Up^  either  by  the  roadway,  mov- 
ing trains,  or  necessary  clearance  above  them. 

Equipment  of  Rolling  St^fck^  less  with  steam,  greater  with 
electricity. 
4th.  Should  be  such  a  construction  as  to  make  additional  tracks 
possible,  if  future  demands  should  warrant  it,  whether  such 
tracks  be  parallel  to,  or  intersect  with,  the  main  system. 
5th.  The  process  of  construction  should  be  hampered  as  little  as 
possible  by  injunctions,  or  legal  complications  of  any  kind. 
6th.    The  plan  of  construction  should  be  such  as  can  be  most 
readily  begun,  most  rapidly  carried  forward  and  niost  quickly 
enable  the  road  to  become  a  dividend  earner. 
7th.  The  franchise  granted  should  be  secure  from  unjust  restric- 
tion and  future  interference. 
8tli.  The  raising  of  capital  should  not  be  made  difficult  by  the 
granting  of  privileges  for  extension  to  existing  corporations, 
of  such  a  character  as  to  make  competition  in  the  same  field. 
An  extension  of  the  V  elevated  "   up  the  Boulevard  would 
have  its   influence  on  any  other  system  proposed  for  the 
same  route. 
That  the  demands  of  both  public  and  capitalists,  as  here  out- 
lined, shonld  be  as  far  as  possible  met,  goes  without  saying. 

Up  to  very  recently,  from  the  reports  of  the  proceedings  of  the 
public  hearings  which  have  been  held,  and  the  statements  which 
have  been  made  from  time  to  time  in  the  daily  press,  the  Com- 
mission seems  to  have  : 

Listened  publicly  and  with  patience  to  all  plans  of  routes  and 
construction  submitted  for  their  consideration,  whether  good,  bad 
or  indifferent.  j 
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Selected  from  these  plans  the  limited  number  which,  during 
the  past  few  years,  have  more  or  less  engaged  public  attention, 
and  have  at  least  the  merit  of  financial  backing,  the  record  of  op- 
eration elsewhere,  or  the  promise  in  a  more  or  less  satisfactory 
degree  of  fulfilling  the  demands  of  a  rapid  transit  system. 

Examined  privately  some  of  the  representatives  of  some  of  the 
leading  systems. 

Not  publicly  discussed  the  question  of  motive  power,  but  are 
privately  investigating  it,  and  have  not  yet  determined  what  it 
shall  be. 

Expressed  serious  doubts  as  to  the  availability  of  electricity  as 
a  motive  power. 

Determined  that,  unless  electricity  is  used,  no  form  of  tunnel, 
shallow,  individual  or  deep,  shall  be  used. 

Made  a  personal  investigation  of  the  topography  of  the  city, 
with  a  view  of  determining  its  present  needs  and  future  lines  of 
growth. 

Determined  to  first  lay  out  a  West  Side  route. 

Are  attempting  the  coincident  determination  of  motive  power 
and  route. 

Are  much  concerned  as  to  property  damages. 

Such,  as  I  say,  until  very  recently,  seems  to  have  been  the  atti- 
tude of  the  Commission. 

About  a  week  ago,  however,  when  the  public  had  received  the 
impression  that  it  had  about  reached  a  conclusion  to  at  least  a  por- 
tion of  its  labors,  application  was  made  by  the  Manhattan  com- 
pany for  extensions  covering  some  18  miles  of  street.  The  char- 
acter of  the  proposed  construction,  the  routes  demanded,  are  now 
matters  of  record. 

It  is  but  natural  that  the  delays  in  submitting  a  route,  after  the 
Chairman  of  the  Commission  had  announced  that  it  was  about 
ready  to  do  so,  being  followed  by  an  elaborate  presentation  by 
the  Manhattan  company  of  the  plans  for  its  proposed  extension, 
which  plans  have  taken  a  long  time  to  prepare,  preceded  as  this 
presentation  was  by  an  explicit  declaration  on  the  part  of  the  offi- 
cers of  that  corporation,  that  it  contemplated  no  more  extensions, 
naturally  caused  a  feeling  of  distrust  and  uneasiness,  and  was  fol- 
lowed by  suggestions  of  possible  bad  faith  on  the  part  of  the 
Commission,  and  this  is  no  less  annoying  and  disturbing  because 
of  its  inherent  improbability. 

Why  this  action  of  the  Manhattan  company  excites  this  feeline: 
18  easily  explained.  ^ 
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The  portion  of  its  scheme  which  most  vitally  coDcerns  the  city 
of  New  York,  is  the  proposed  extension  of  the  system  from  33d 
street  up  Broadway,  through  the  Boulevard  to  ]7<ith  street,  and 
its  continuation.  This  is  simply  an  iniquitous  proposal — no  other 
term  can  be  applicable  to  it— and  if  granted  by  the  Commission, 
no  matter  with  what  restrictions,  it  will  prove  a  vital  blow  to 
all  real  rapid  transit  in  New  York  City  in  the  life  of  this  genera- 
tion. 

Let  us  see  what  will  be  the  result  of  such  an  extension.  That 
it  would  be  built  by  the  Manhattan  company,  if  granted  the  right, 
is  undoubtedly  true  ;  that  it  would  prove  a  profitable  enterprise, 
is  equally  true ;  that  it  miglit  be  used  for  a  repetition  of  the 
methods  of  financiering  which  characterized  the  consolidation  of 
the  elevated  roads  into  the  Manliattan  8y6tem,need  not  be  doubted; 
that  it  will  enhance  the  value  of  the  property  of  that  corporation 
needs  no  argument,  but — 

What  will  it  do  to  satisfy  the  needs  of  those  who  to-day  use  the 
elevated  railroads  i 

How  will  it  affect  the  well-being  of  this  city  ? 

With  what  sacrifice  of  its  best  interests  would  these  schemes 
be  carried  out. 

It  is  hardly  necessary  to  point  out  that  public  spirit,  civic  pride 
or  any  feeling  in  fact,  save  a  sordid  one,  enters  into  the  calcula- 
tions of  the  Manhattan  corporation.  Its  spirit  is  much  the  same 
as  that  which  prevails  most  unfortunely  in  a  large  portion  of  our 
city  government. 

It  is  well  to  recollect  that  some  of  the  same  men  who  have 
earned  lasting  condemnation  of  the  public  by  their  advocacy, 
some  time  since,  of  an  elevated  steel  structure  on  Broadway  be- 
low 33d  street,  have  again  come  to  the  front  in  support  of  the 
Broadway  extension  above  33d  street. 

The  former  scheme  was  for  the  time  defeated.  It  has  not 
been  given  up,  but  th;3  basis  of  attack  has  been  changed  from 
lower  to  upper  Broadway.  Every  capitalist  knows  the  great 
value  of  a  road  of  almost  any  character  which  can  be  allowed  to 
follow  this  main  artery  of  travel.  Grant  a  franchise  for  the 
length  of  Broadway  and  the  Boulevard,  and  there  will  be  some 
interesting  bidding  for  its  control.  The  history  of  the  Broadway 
surface  road  and  the  character  of  the  street  are  in  evidence. 
Hence,  the  ultimate  object  of  this  corporation  is  a  line  for  the 
whole  of  Broadway.  .„..e..yGoOgle 
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How  does  it  propose  to  get  it  ?  Defeated  for  a  time  in  its 
assault  on  the  lower  portion,  it  has  for  months  been  getting  the 
consent  of  property  owners  along  the  upper  Boulevard,  who,  see- 
ing a  prospective  rise  in  the  value  of  their  property,  and  careless 
of,  or  indifferent  to,  the  real  welfare  of  the  city,  and  ignorant  of 
all  systems  save  those  presented  by  the  Manhattan  company, 
have  in  many  cases  agreed  to  make  no  claim  for  damages  in  case 
an  elevated  structure  is  put  up.  Armed  with  these  consents  and 
practically  assured  of  the  consent  of  a  city  government  noted  for 
its  venality,  anxious  to  add  a  heavily  paying  extension  to  its  sys- 
tem, with  lower  Broadway  as  an  objective  point,  and  intent  on 
defeating  the  raising  of  capital  for  any  other  system  if  reported, 
it  now  seeks  the  consent  of  the  Rapid  Transit  Commission  for 
this  extension. 

Consents  thus  sought,  and  in  many  cases  obtained,  ought  not 
to  weigh  as  an  argument  in  favor  of  this  extension,  because  the 
needs  of  the  West  Side  property  owners  can  be  equally  well 
served  by  another  method  of  construction.  That  there  is  an  ex- 
plicit or  tacit  understanding  with  some  of  the  city  authorities 
seems  evidenced  by  the  continuance  in  its  present  disgraceful 
condition  of  the  upper  Boulevard,  a  street  which  was  laid  out  for, 
and  can  be  made  to  be,  one  of  the  finest  in  the  world. 

Let  us  suppose  for  a  moment  that  the  Commission  so  far 
prostituted  its  powers  as  to  grant  this  extension,  and  it  is  built — 
What  would  be  the  result  i  It  should  be  borne  in  mind  that  the 
traffic  of  the  present  Harlem  division  of  the  elevated  road  above 
59th  Street,  is  mainly  the  growth  of  the  past  seven  or  eight 
years.  It  is  a  traffic  created  on  account  of  the  building  which 
has  taken  place  dnring  that  period  The  Boulevard  extension 
would  not  8 iriously  divert  travel  from  the  present  Harlem  divis- 
ion. It  would  add  nearly  double  that  mileage  to  the  present 
elevated  systi  m,  and  would  build  up  a  traffic  of  its  own.  It  is 
safe  to  say,  that  in  less  than  a  single  decade  the  travel  on  this  ex- 
tension would  be  greater  than  now  exists  on  the  Harlem  division, 
while  the  travel  on  this  latter  would  be  in  no  wise  lessened. 

There  would  follow  a  congestion  of  traffic  at,  and  below,  33d 
street,  which  cannot  he  realized,  and  this  is  precisely  the  result 
wanted  by  the  Manhattan  company.  It  is  impossible  by  any 
practical  change  in  the  Sixth  avenue  division  to  fake  care  of  this 
increased  traffic,  and  the  only  outlet  for  it  would  be  an  extension 
of  the  road  down  Broadway.  r^^r^^T^ 
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Grant  then  the  Boulevard  extension  for  the  Manhattan  com- 
pany, and  within  twelve  months  after  the  first  train  has  run  over 
that  extension,  the  necessary  steps  will  be  taken  by  this  same 
corporation  for  the  extension  of  the  Boulevard  line  down  Broad- 
way from  33d  street,  and  they  wiU  get  it  There  is  no  avoid- 
ing this  conclusion. 

If  present  public  opinion  will  permit  an  extension  of  this  sys- 
tem above  33d  street,  on  Broadway  and  the  Boulevard,  for  the 
benefit  of  the  Manhattan  company  and  the  West  Side  property 
owners,  with  the  certain  resulting  congestion  of  traffic  on  that 
section  of  the  present  road  which  vitally  concerns  all  citizens, 
then  it  will  in  sheer  desperation  be  compelled  to  acquiesce  in  the 
subsequent  demand. 

If  to-day  an  intelligent  and  respected  commission,  made  up  of 
men  presumably  i  airly  representing  the  intelligence  and  public 
spirit  of  this  oomnmnity,  cannot  be  relied  upon  to  prevent  the 
appropriation  of  one  of  the  finest  boulevards  possessed  by  any 
city,  forming  the  extension  of  one  of  the  greatest  business  streets 
in  the  world,  and  the  debauch  of  all  real  public  interests  by  sad- 
dling upon  this  city  the  extension  demanded,  then  it  is  hopeless 
to  expect  any  future  commission  to  withstand  the  pressure  which 
would  be  put  upon  it. 

If  then  it  would  save  lower  Broadway,  it  must  protect  upper 
Broadway.  The  system  it  adopts  must  be  independent  of,  not 
dependent  upon,  the  Manhattan  system.  The  rights  of  the  West 
Side  property  owners  must  not  be  allowed  to  override  those  of 
the  rest  of  the  people  in  New  York  Their  interests  can  be  bet- 
ter served  by  some  other  system  which  would  give  real  rapid 
transit  and  leave  Broadway  and  the  Boulevard  uninjured.  Nor 
should  the  property  owners  of  this  section  be  themselves  content 
with  a  higher  speed  above  69th  street,  and  a  lower  speed  below 
33rd. 

The  question  is  not,  How  can  the  promoters  of  the  Manhattan 
system  find  a  most  remunerative  o])portunity  for  the  investment 
of  additional  capital,  or  How  can  they  obtain  the  largest  return 
with  the  least  expenditure  i  The  public  of  New  York  is  most 
concerned,  possibly  selfishly,  with  plans  by  which  it  can  best 
serve  its  own  interests,  the  real  interests  of  a  great  city,  one  fast 
out-growing  the  iron-bound  vision  of  the  Manhattan  company. 

Fortunately  it  rests  with  any  one  man  in  this  Commission  to 
prevent  any  extension  of  the  elevated  system,  and  I  think  we 
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can  safely  assume  that  no  snch  extension  will  be  granted  except 
such  as  is  consistent  with  the  best  interests  of  this  city.  I  would 
not  take  the  position  for  one  moment  that  no  rights  should  be 
granted  to  the  elevated  railway  other  than  they  now  possess. 
I  would  say  let  its  service  be  improved  as  much  as  is  possible, 
but  such  improvement  of  service  should  not  be  coupled  with 
extensions  which  stand  as  barriers  to  a  proper  solution  of  this 
problem. 

If  there  were  no  other  way,  nor  any  better  one,  to  obtain  rapid 
transit  in  this  city  than  by  the  system  set  forth  by  the  Manhattan 
company,  I  should  say,  "  By  all  means,  let  the  system  be  thus  ex- 
tended ; "  but  every  one  of  us  knows  that  other  methods  of  con- 
struction can  be  adopted  which  are  free  from  a  large  number  of 
the  objections  which  are  inherent  to  the  elevated  railway  system, 
and  knowing  this, we  are  justified  in  doing  what  lies  in  our  power 
to  aid  in  the  adoption  of  such  other  methods. 

In  investigating  the  various  systems,  it  is  pertinent  to  inquire  : 

When  was  each  proposed  ? 

How  comprehensive  is  its  character  ? 

Which  presents  the  most  modern  and  progressive  engineering  t 

Which  will  best  satisfy  the  future  as  well  as  the  present  needs 
of  New  York  city  i 

Which  will  cost  least,  be  most  quickly  constructed,  and  hence 
most  strongly  appeal  to  capital  ? 

To  satisfactorily  answer  these  queries,  there  are  three  things  to 
be  determined.     They  are : 

Motive  power. 

Method  of  construction. 

Routes. 

In  order  that  the  Commission  may  have  the  greatest  latitude 
of  judgment,  these  should  be  determined  in  the  order  named — 
that  is,  the  determination  of  motive  power  should  precede  that 
of  construction,  and  the  method  of  construction  that  of  route. 

Two  systems  of  motive  power  only  are  under  consideration — 
steam  and  electricity ;  the  former  a  well-known  agent,  whose  ad- 
vantages and  disadvantages  are  well  known,  the  latter  a  newer 
application  of  force,  one  in  which  the  layman  is  not  so  well  versed, 
but  one  whose  advantages  and  possibilities  are  well  understood, 
and  most  thoroughly  relied  upon,  by  those  who  have  made  it  their 
particular  study. 

The  vital  importance  of  letting  the  determination   of  motive 
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power  precede  that  of  construction  and  route,  will  be  clearly 
illustrated  by  noting  the  limitations  upon  construction.  There  are 
five  general  plans  which  have  been  proposed. 

{a)  An  elevated  steel  structure,  similar  in  character  to  the  Man- 
hattan system,  and  occupying  the  public  streets. 

(b)  The  viaduct  masonry  construction  similar  to  some  of  the 
London  sections  of  English  trunk  line  systems,  the  viaduct  road  of 
Berlin,  or  the  Broad  street  section  of  the  Pennsylvania  Railroad, 
in  Philadelphia,  to  run  through  the  middle  of  building  blocks  and 
to  span  the  streets  with  steel  arches. 

{c)  A  shallow  tunnel,  made  by  excavating  the  streets,  remov- 
ing or  diverting  tlie  existing  system  of  pipe  services  of  aU  kinds, 
running  the  tracks  in  one  or  two  tiers,  either  superposed  or  in 
different  vertical  planes,  the  street  to  be  floored  over  with  a  steel 
girder  structure.  The  inclosed  track  would  be  something  like 
the  Fourth  Avenue  Harlem  Railroad  tunnel,  except  that  it  would 
be  entirely  enclosed. 

{d)  An  iron  tubular  closed  tunnel  construction,  the  tubes  run- 
ning at  a  depth  of  from  twenty  to  forty  feet  below  the  surface, 
and  built  something  like  the  North  River  Tunnel,  but  individu- 
alized like  the  Suburban  and  South  London  road  constructed  in 
London  by  the  Greathead  interests,  and  opened  for  regular  ser- 
vice last  November. 

In  this  system,  the  various  tracks  would  be  generally  independ- 
ent, and  the  way  and  express  routes  likewise  independent,  save 
at  common  intersecting  stations. 

{e)  A  deep-rock,  two-track  tunnel,  identical  in  character  with 
every  other  rock  or  mining  tunnel  with  which  we  are  all  familiar. 

If  electricity  be  adopted  as  a  motive  power,  the  Commission 
will  be  left  untrammeled  to  determine  which  of  these  construc- 
tions is  preferable. 

If  steam  be  adopted,  considerations  of  construction  are  at  once 
limited  to  plans  {a)  and  (J),  and  even  then  there  exists  a  limita- 
tion in  the  viaduct  system  not  yet  realized,  to  which  I  will  soon 
refer. 

I  think  it  may  be  taken  for  granted — 

Firsty  that  a  West  Side  route  should  come  as  near  Broadway 
as  possible; 

Second,  that  a  four-track  system  is  essential,  because  higher 
speed  and  greater  capacity  are  required,  and  both  way  and  ex- 
press service  must  be  provided. 

Digitized  by  LjOOQIC 


1891  ]  8PBAGUE  ON  RAPID  TRANSIT.  841 

An  elevated  structure  necessitates  the  appropriation  of  streets 
already  needed  for  other  purposes.  If  for  four  tracks  in  one 
plane,  such  a  system  is  impossible  in  most  of  our  streets.  It  is 
hardly  necessary  to  further  discuss  the  objections  to  this  system. 

A  viaduct  construction  requires  for  every  foot  of  way,  except 
4it  street  crossings,  the  condemnation  and  purchase  of  property  of 
great  value  in  the  business  heart  of  the  city,  of  an  aggregate  far 
exceeding  the  proper  cost  of  road  construction.  It  means  the 
tearing  down  and  re-erection  of  many  buildings,  the  interruption 
and  cessation  of  the  business  carried  on,  with  all  the  necessary 
leg.il  complications  which  will  surely  follow,  thus  increasing  the 
cost  of  construction  in  an  unknown  but  material  way,  and  it 
would  require  extra  provision  of  capital  for  the  purchase  and 
alteration  of  these  buildings. 

But,  as  I  have  intimated,  there  is  a  distinct  limitation  to  this 
plan  in  the  simple  one  of  motive  power.  There  are  two  plans  of 
constructing  such  a  viaduct,  one  by  making  a  clean  cut  through 
the  buildings,  leaving  the  roadway  uncovered,  and  the  other  by 
tunneling  through  the  buildings.  If  the  former  plan  is  adopted, 
there  would  be  thrown  away  a  continuous  strip  of  block  space  in 
the  most  valuable  section  of  the  city,  from  twenty  live  to  fifty 
feet  in  width,  according  to  whether  the  tracks  are  in  one  or  two 
planes,  and  from  fifty  to  three  hundred  feet  in  height.  Although 
the  value  of  this  wasted  space  is  well  nigh  incalculable,  it  is  the 
only  plan  by  which  steam  could  be  made  available,  because  if  the 
roadway  is  covered  in  the  block  spaces,  and  steam  be  used,  the 
same  objectionable  features  would  exist  which  have  given  the 
Fourth  Avenue  Harlem  Tunnel  so  unenviable  a  reputation,  and 
the  damage  to  property  would  be  even  more  pronounced  If, 
however,  the  viaduct  construction  were  adopted,  economy 
would  demand  the  tunnelling  rather  than  the  cutting-down 
method  of  getting  through  buildings.  This  consideration  would 
then  require  the  abandonment  of  steam  and  the  adoption  of  elec- 
tricity. 

But  suppose  this  suggested  construction  and  motive  power  be 
adopted  in  the  populous  portion  of  the  city,  and  the  street  cross- 
ings be  left  open ;  there  would  then  be  that  most  disagreeable 
alternation  of  light  and  darkness,  or  of  a  greater  or  less  degree  of 
light,  which  is  another  of  the  objectionable  features  of  the  Fourth 
Avenue  Tunnel,  and  hence  the  crossings  themselves  must  be  en- 
closed, and  with  what  result?     The  additional  disfigurement  of 
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the  street  may  be  here  ignored,  but  there  would  be  simply  an 
elevated  tunnel  of  the  most  costly  character,  supported  on  a 
masonry  viaduct,  and  a  system  of  most  questionable  financial 
promise. 

In  considering  an  elevated  or  viaduct  structure,  following  the 
approximate  route  outlined,  it  is  well  to  note  what  obstructions 
would  be  met  in  its  course  in  the  lower  part  of  the  city. 

How,  for  instance,  would  such  a  system  cross  the  Manhattan 
system  at  34th,  53d  and  65th  streets  ?  Would  a  grade  crossing 
be  advisable  or  permissible  ?  Unquestionably  not,  for  the  danger 
of  collisions  and  the  delays  and  blocks  would  at  once  condemn  it. 
If  not  a  grade  crossing,  then  which  road  would  be  uppermost  i 
The  Manhattan  being  already  in  possession,  the  new  system  must 
do  the  crossing  and  at  an  abnormal  elevation.  What  would  be 
the  eflEect  of  the  operation  of  such  a  road,  upon  the  Metropolitan 
Opera  House  ? 

As  regards  stations,  the  elevated  and  viaduct  plans  require 
separate  up  and  down  platforms,  and  it  would  be  interesting  to 
inquire  how,  with  the  limitations  which  must  exist  on  roads  of 
this  character,  it  is  possible  to  serve  way  and  express  tracks  on  a 
common  level,  except  by  making  them  common  at  the  way 
and  express  stations.  The  danger  attending  this  practice  must 
be  apparent. 

Returning  again  to  the  question  of  motive  power,  it  is  impor- 
tant to  know  what  are  the  objections  raised  against  the  use  of  elec- 
tricity. About  the  only  one  made  publicly  is  that  it  has  not  yet 
been  used  on  as  large  a  scale  as  would  be  required  in  the  proposed 
system.  This  reason  seems  ultra-conservative,  and  it  is  to  be  re- 
gretted that  on  a  subject  of  such  vital  importance,  there  has  not 
been  made  a  more  thorough  public  inquiry. 

This  same  view  was  taken  of  the  application  of  electricity  to 
street  railway  propulsion  only  three  years  ago.  There  was 
scarcely  an  engineer,  a  street  car  builder,  a  street  railway  con- 
structor, or  a  capitalist,  who  did  not  laugh  at  the  claims  which 
were  made  for  it,  and  yet  in  this  short  time  there  has  been  a  total 
revolution  of  feeling.  There  is  not,  probably,  a  street  railway 
manager  in  the  United  States  who  does  not  thoroughly  believe 
that  electricity  is  the  present  and  coming  power  for  street  rail- 
ways, and  who,  if  he  were  constructing  a  new  road  or  re-equip- 
ping an  old  one,  would  not  at  once,  or  in  the  near  future,  adopt 
electricity,  if  he  could  get  the  necessary  rights  to  do  so ;   and   it 
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should  be  horue  in  mind  that  the  equipping  of  these  roads  has 
meant,  in  very  many  cases,  the  entire  rebuilding  of  the  track,  the 
purchase  of  new  cars,  the  building  of  costly  stations,  and,  in 
short,  the  investment  of  a  greater  capital  than  had  already  been 
invested  in  the  original  plant,  so  that  fifty  million  dollars  is  a 
small  estimate  of  the  sum  which  stands  invested  to-day  in  this 
one  industry  alone. 

If,  however,  the  Commission  is  still  in  doubt,  then  in  order  to 
get  a  more  intimate  knowledge  of  what  electricity  can  do  as  a 
motive  power,  it  would  seem  proper — 
JFvrst — That  a  time  be  set  apart  for  the  public  examination  of 

electrical  engineers  and  contractors. 
Seeofid— To  require  a  private  statement  from  electrical  engineers, 
confidential  if  desired,  as  to  any  new  developments  not  pub- 
licly known. 
Third — To  visit  two  or  three  of  the  prominent  electrical  estab- 
lishments to  see  what  has  been,  is  being,  and  what  will  be, 
done  in  general  electrical  machine  construction. 
tourth — To  then  state  what  duty  would  be  demanded  of  electric 
motors,  and  what  guarantees  of  performance  would  be  re- 
quired under  forfeiture. 

If  something  like  this  be  not  done,  then  I  think  it  safe  to  say 
that  the  rejection  of  electric  motive  power  will  be  because  of  the 
following  reasons :  Its  novelty  ;  allowing  accidents  incident  to 
the  early  period  of  its  development  to  outweigh  in  importance 
its  demonstrated  advantages ;  a  conclusion  that  it  is  limited  in 
capacity  and  development ;  and  lack  of  information  as  to  its  past, 
present  and  promised  future. 

Such  a  rejection  would  be  upon  technical  advice  relied  upon 
by  the  Commission. 

This,  it  would  seem,  ought  to  be  that  of  the  Board  of  Engi- 
neers, not  the  judgment  of  any  one  man,  because  no  one  has  suffi- 
cient experience  to  warrant  such  reliance  upon  his  dictum  in  a 
matter  of  so  grave  import,  on  a  subject  to  which  so  many  able  en- 
gineers are  devoting  themselves,  and  the  development  of  which 
has  enlisted  so  many  millions  of  capital. 

The  motor  equipment  on,  for  example,  the  present  London 
road  is  composed  of  one  hundred  horse  power  units.  That  re- 
quired on  the  elevated  railroads'  is  one  hundred  and  eighty-five 
horse  power.  Attach  four  motors  of  the  London  type  to  the 
same  circuit  instead  of  two,  govern  them,  as  is  perfectly  feasible. 
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by  the  same  controlling  device,  and  they  will  outwork  any  ele* 
yated  road  engine. 

Increase  the  dimensions  in  these  machines  one-third  only,  and 
two  of  them  will  do  the  work  of  this  engine.  Duality  may  be  ob- 
jected to.  but  it  should  be  borne  in  mind  that  duality  of  engines 
is  absolutely  necessary  in  a  locomotive  for  successful  operation. 
It  is  not  essential  in  an  electric  motor  equipment,  although  advis- 
able for  traction  purposes.  But  for  that  matter  double  the  dimen- 
sions of  a  London  machine,  and  it  alone,  will  outwork  the  two 
cylinders  of  the  elevated  locomotive. 

Perhaps  one  of  the  most  telling  arguments  in  favor  of  electri- 
cal propulsion  is  the  fact  that  in  London  another  underground 
road  to  be  operated  by  electricity,  is  about  to  be  constructed  on 
plans  already  approved  by  a  parliamentary  committee.  This 
road  is  about  six  miles  long  and  connects  the  West  End  with  the 
city.  It  forms  approximately  a  diameter  of  the  oval  described  by 
the  present  steam  under«rround  railways.  A  5,000  horse  power 
station  at  the  suburban  end  of  the  line  will  supply  the  current. 
The  trains  are  to  consist  of  six  cars,  seating  about  340  persons^ 
and  will  weigh,  with  the  electric  locomotives,  J  20  tons.  The  av- 
erage speed  is  to  be  14  miles  an  hour  including  all  stops,  with  a 
maximum  of  about  25  miles  an  hour.  Since  this  weight,  power 
and  seating  capacity  exceeds  that  now  common  on  the  elevated 
railroads,  it  is  a  somewhat  practical  answer  to  the  objections  made 
on  this  point. 

There  have  been  no  demands  foi*  ft  two  thousand  horde  power 
Steam  locomotive,  but  thete  is  not  a  builder  in  this  country,  who, 
given  suitable  gauge  of  track  and  allowed  dimensions  of  engine, 
would  hesitate  a  moment  to  build  a  locomotive  of  that  capacity. 

So  too  with  electric  motors.  Given  the  incentive,  and  before 
the  first  foot  of  roadway  is  ready  on  the  proposed  Bapid  Transit 
System  of  New  York,  a  two-hundred  horse  power  electric  equip- 
ment will  be  built  which  will,  under  forfeiture,  outwork  any 
elevated  road  engine  for  speed,  pulling  capacity,  steadiness  of 
work,  time  of  operation,  and  continuous  mileage. 

This  statement  is  made  from  personal  knowledge,  and  with  an 
individual  willingness  to  assume  the  risk. 

Break  a  single  part  of  the  many  in  a  locomotive  and  it  is  help- 
less. Break  many  of  certain  parts  in  an  electric  motor  and  it 
will,  although  crippled,  still  operate.  In  short,  the  near  future 
wiU  make  the  electric  motor  the  most  reliable  machine  con- 
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What  is  the  experience  of  other  large  cities  in  this  matter  of 
rapid  transit  ? 

In  London  the  same  interest  which  built  the  Greathead  tnnnel 
has  been  granted  parliamentary  right  for  extensions,  ordinarily- 
most  bitterly  fought  against,  with  an  almost  unexampled  im- 
animity. 

Paris  is  considering  seriously  the  question  of  a  great  metro- 
politan underground  electric  system. 

Boston  has  been  advised  after  most  careful  investigation  that 
the  only  proper  system  for  the  business  portion  of  the  city  is  an 
underground  electric  system. 

As  regards  New  York,  while  unnecessary  delay  is  to  be 
avoided,  it  is  certain  that  no  present  delay  is  half  so  serious  in  its 
consequences  as  the  adoption  of  an  inferior  plan  by  reason  of  im- 
mature consideration,  lack  of  knowledge  or  information,  or  in 
response  to  popular  clamor.  The  demands  of  to-day  can  be  best 
served  by  plans  to  meet  the  future  wants  of  New  York  as  well, 
while  the  needs  of  the  future  cannot  be  properly  provided  for  by 
planning  for  present  limitations.  In  discussing  the  subject  some 
time  since  in  a  communication  addressed  to  the  Commission 
which  contained  the  gist  of  much  I  have  already  said  in  this 
paper,  I  made  the  following  suggestions : 

It  16  possible  that  the  Commission,  while  still  in  doubt  about 
the  availability  of  electricity  as  a  motive  power,  may  feel  it  in- 
cumbent upon  them  to  announce  some  decision  with  regard  to  at 
least  one  route.  Would  it  not  then  be  possible  to  submit  two 
alternative  propositions,  the  preferable  one  of  which  could  be 
determined  by  public  comment  and  criticism  and  the  readiness 
with  which  a  responsible  construction  company  would  bid  for  the 
necessary  right  and  franchise  ? 

First:  Questioning  the  availability  of  electricity,  select  the 
best  system  which  can  be  advised  other  than  an  vnderground 
system,  that  is,  some  elevated  or  viaduct  structure.  Specify  the 
number  of  tracks,  the  route  over  which  it  shall  run,  and  make 
steam  the  motive  power. 

Second  :  Accepting  the  statements  which  are  made  in  favor  of 
electricity,  select  the  best  imderground  system,  which  will  answer 
as  far  as  possible  the  demands  which  have  been  enumerated, 
establish  the  route,  the  number  of  tracks,  and  make  use  of  elec- 
tricity obligatory. 

lUtd:  Demand  as  regards  Digitized  by  Google 
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Oonstmction  :  Earliest  time  of  beginning,  greatest  freedom 
from  interference,  either  with  streets  or  existing  systems  of  pipes, 
least  damage  to  property,  most  rapid  progress  of  work,  earliest 
completion. 

Results :  Mean  and  maximnm  speeds,  number  and  weight  of 
trains  operated,  approximate  cost  of  motive  power  per  train  mile 
under  these  conditions. 

Chiarcmtees  under  ForfeU/wres :  Against  construction  dam- 
ages to  buildings  or  foundations,  and  against  future  damage 
claims. 

Then  let  the  public  discuss  the  merits  of  these  alternative  prop- 
ositions, and  let  a  construction  company  or  companies  bid  on  these 
systems  and  on  the  franchise,  accompanying  such  bid  with  a  prof- 
fer of  a  certified  check  of  sufficiently  large  amount,  and  then  see 
which  company  will — 

{a)  Guarantee  to  build  most  quickly. 

(b)  Make  the  best  offer  for  the  franchise. 

{c)  Offer  the  highest  guarantees,  both  as  to  progress,  cost  and 
satisfactory  operation. 

As  I  close  this  paper,  there  comes  news  of  most  reassuring 
character,  for  the  Chairman  of  the  Commission  is  reported  in 
Tuesday's  Commercial  Advertiser  and  in  Wednesday's  morning 
papers,  as  stating  in  the  most  emphatic  manner  that  the  Commis- 
sion is  planning  for  future  New  York,  and  that  it  will  under  no 
consideration  even  consider  the  plans  of  the  elevated  railroad  until 
after  it  has  determined  upon  a  route  to  satisfy  the  demands  of 
that  future. 

This  statement  of  the  Chairman  is  most  opportune,  and  will  go 
far  to  allay  the  anxiety  which  has  been  honestly  felt  by  those  who 
await  the  result  of  the  Commission's  deliberation. 

It  is  also  stated,  presumably  on  the  same  authority,  that  a  sys- 
tem and  West  Side  route  from  the  Battery  to  the  Harlem  Eiver 
has  been  definitely  settled,  part  underground  and  part  viaduct, 
and  the  announcement  of  this  decision  will  be  definitely  made 
next  Tuesday.  If  so,  then  it  would  seem  that  electricity  has  now 
the  victory,  and  the  particular  method  of  construction  and  the 
route  selected  will  form  the  subject  of  discussion. 
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Discussion.^ 

The  Chairman  : — The  Institute  has  good  reason,  I  conceive, 
to  congmtulate  itself  on  being  the  recipient  of  such  a  thoughtful 
and  thought  inspiring  paper,  upon  such  a  subject.  Although  the 
electric  railway,  rapid  transit  in  general,  and  the  railway  motor, 
is  perhaps  not  human  nature's  daily  food,  it  is  certainly  no  small 
element  in  carrying  the  people  of  great  cities  to  where  they  can 
get  their  daily  food,  and  in  sometimes  carrying  their  daily  food 
to  the  people,  and  as  such  it  is  a  subject  that  should  have  our 
most  careful,  and  perhaps  in  some  respects,  our  anxious  thought. 
We  are  to  be  pitied  also,  as  well  as  congratulated,  that  we  have 
not  had  copies  of  this  paper  in  order  that  we  might  read  it  as  we 
go  along,  checking  the  speaker,  as  we  have  done  in  other  cases, 
seeing  whether  he  is  reading  his  own  paper  straight.  The  trou- 
ble with  such  a  paper  is  that  any  one  can  concur  in  the  statements 
that  are  in  it.  wliile  it  deals  mainly  with  local  questions,  these 
are  such  that  the  answers  will  be  of'  general  interest  and  will 
always  be  of  value  in  considering  the  problem  of  rapid  transit  in 
other  cities ;  and  this,  of  course,  is  becoming  the  problem 
throughout  the  world.  The  conservatism  of  which  Mr.  Spragne 
spoke  has  been  the  lion  in  the  path  of  every  one  who  has  sought 
to  introduce  any  new  agent  in  the  progress  of  mankind,  especially 
those  which  are  the  applications  of  electricity.  No  better  exam- 
ple of  that  can  be  found  than  the  table  in  the  (tther  room  M'here 
the  early  struggles  of  Fulton  in  introducing  the  steamboat  are 
recited.     Discussion  is  now  in  order. 

Mr.  Mailloux  : — Mr.  Chairman,  I  can  only  state,  as  you  have 
already  stated,  that  we  all  concur  generally  and  specifically  in  the 
statements  and  conclusions  made  bv  Mr.  Sprague  in  the  able  pa- 
per he  has  read,  and  further  that  while  1  am  deeply  interested  as 
a  citizen,  in  the  development  of  schemes  for  rapid  transit  in  New 
York,  professionally  I  am  interested  in  rapid  transit  on  a  smaller 
scale.  I  am  content  to  confine  myself  for  the  present  with  the 
running  of  street  cars  of  smaller  sizes  and  horse  powei^s,  and  I  am 
willing  to  leave  the  treatment  of  this  more  gigantic  problem  to 
Mr.  Sprague.  I  not  only  have  my  hands  more  than  full  with  the 
consideration  of  the  transit  problem  from  another  aspect — for 
surface  work — but  I  think  that  the  larger  problem  does  not  need 
very  much  coaching  when  it  is  in  the  hands  of  Mr.  Sprague.  I 
do  not  think  that  1  could  give  him  any  points  that  he  does  not 
know  better  than  I,  having  as  he  has,  given  that  subject  so  much 
thought  within  the  last  few  months.  Possibly  there  is  no  one 
more  competent  than  he  to  speak  upon  it  authoritatively,  and  I 
doubt  if  we  can  add  anything  to  the  discussion  that  would  be  of 
vaJue.  When  the  time  comes,  after  we  shall  have  made  some 
progress  with  the  OommissioUi  so*  to  speak,  in  having  obtained 
from  them  the  assent  to  the  introduction  of  electricity  as  a  factor 

1.  By  Wc«irs  MaiVoux  aDd  Forbes.  ^3,9  ,zed  by  G.OOgle 
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in  municipal  rapid  transit,  then  of  oourse  the  engineering  details 
will  oome  np  for  discuBsion,  and  in  that,  whenever  it  shall  hap- 
pen to  come  before  the  Institute,  all  of  us  who  have  had  experi- 
ence with  electric  traction  may  be  pleased  and  interested  to  say 
a  word  ;  but  as  long  as  it  is  only  to  be  discussed  from  a  general, 
broad  engineering  standpoint,  n'om  a  commercial  aspect  particu- 
larly, I  do  not  think  that  anybody  could  make  a  more  masterly 
presentation  of  all  the  factors  involved  in  the  case  and  a  more 
comprehensive  analysis  of  the  conditions  and  difficulties  of  the 
problem  than  Mr.  Sprague  has  done. 

The  Chairman  : — We  have  every  reason  to  believe  that  Pro- 
fessor Forbes  can  tell  us  something  we  do  not  know  about  the 
South  London  road.  We  would  be  very  glad  indeed  to  hear  any- 
thing that  he  might  care  to  tell  us. 

Pbof.  George  Forbes  : — I  know  that  there  is  always  a  general 
feeling  over  here  that  progress  in  electrical  invention  is  retarded 
by  the  conservative  spirit  in  Europe,  and  that  we  are  slow  in  tak- 
ing up  things,  and  that  you  are  very  much  further  ahead  than  we 
in  all  electrical  development.  I  tnink  there  is  no  one  who  is 
more  ready  in  many  cases  to  acknowledge  that  than  myself,  and 
frequently  after  my  visits  to  this  country  when  I  have  gone  back 
I  have  been  looked  upon  as  a  renegade  for  turning  a^inst  our 
English  modes  of  doing  business,  and  for  not  supporting  them, 
and  for  saying  that  you  had  been  doing  better  in  America  than 
we  were  doing  there.  England  has  not  in  the  past  taken  quite 
the  position  with  electricitv  that  she  did  with  steam.  She  has 
not  gone  ahead  and  taken  tlie  lead  in  the  world  as  she  did  with 
steam;  neither  in  electric  lighting  uor  in  street  railways.  The 
reasons,  liowever,  for  both  of  these  are  perfectly  definite.  Elec- 
tric lighting  was  retarded  in  Eoglaiid  owing  to  the  defective  leg- 
islation which  was  introduced  and  street  railways  would  be  work- 
ing under  different  conditions  in  England  from  what  they-  are 
here  if  it  w«re  possible  to  permit  the  overhead  wires  wfaicH  we 
see  in  Boston  and  other  cities  of  this  coimtry.  If  they  could  be 
permitted  in  London  or  other  towns,  we  would  be,  I  venture  to 
say,  not  far  behind  you  in  the  progress  of  street  railways  in  Eng* 
land,  but  there  are  such  objections  to  it  that  that  is  impossible, 
and  if  yon,  on  the  other  hand,  were  deprived  of  the  advantages 
of  the  overhead  wire  system  for  street  railways  you  would  be,  I 
venture  to  say,  as  far  back  as  we  are  at  the  present  momenta 
Now,  however,  we  are  coining  to  a  new  stage  of  electrical  pro- 
gress and  that  is  not  of  street  railways  but  of  real  rapid  transit 
railways,  and  there,  I  venture  to  say,  that  we  have  made  a  start 
ahead  of  the  United  States ;  that  in  the  development  of  the  South 
London  Railway,  which  has  been  alluded  to  oy  the  ChairmtD, 
we  have  made  a  step  of  very  considerable  magnitude — ^not  a  step 
of  considerable  engineering  magnitude,  but  a  step  of  considerable 
magnitude  in  overcoming  the  inertia  of  the  rest  of  the  world;  in 
leading  capitalists,  municipal  authorities  and  th^^pu^^^^s^^j^^;;^;^ 
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to  recognize  that  traction  on  a  lai^e  scale  is  an  accomplished 
problem.  The  development  that  has  already  proceeded  since  the 
completion  of  the  South  London  Bailway  in  bringing  before 
Parliament  the  West  Railway  crossing  the  nnderground  railway 
system,  which  Mr.  Spra^ue  has  allnded  to,  and  the  other  electric 
railway  down  the  length  of  Oxford  street  and  Holbom  many 
miles  m  length,  is  an  indication  that  it  has  been  realized  b^  all 
those  interested  on  the  other  side  that  this  is  an  accomplished 
problem.  I  have  not  the  slightest  donbt  that  the  progress  here 
will  be  very  great  indeed.  Sut  I  did  just  wish  to  say  a  word  or 
two  in  favor  of  what  we  are  doing  on  the  other  side.  So  that, 
although  I  have. always  been  ready  to  speak  highly  of  the  pro- 
gress yon  are  making  here,  I  am  not  going  to  ^  back  on  my  own 
country,  and  say  that  we  do  not  do  good  thmgs  when  we  are 
really  doing  them.  In  the  course  of  my  frequent  visits  to  New 
York  I  have  taken  the  utmost  interest  in  the  question  that  is  now 
before  us — the  question  of  rapid  transit  here,  and  1  have  dis- 
cussed  with  the  various  persons  interested  in  it  the  different 
methods  which  are  proposed  to  be  adopted,  and  I  have,  I  confess, 
been  considerably  disappointed  by  the  first  words  in  Mr. 
Spra^e's  address  this  morning,  though  I  most  thoroughly  sym- 
pathize with  the  reasons  of  his  remarks.  It  is  quite  evident  that 
on  an  occasion  like  this,  it  cannot  be  expected  that  consulting  en- 
gineers should  go  into  the  whole  development  and  details  of  the 
plan  which  they  would  propose  if  they  were  consulted  with  re- 

fird  to  the  best  system  to  be  adopted  in  rapid  transit  in  New 
ork.  Their  plans  are  too  much  undeveloped  and  unsecured, 
and  it  would  not  be  fair  to  expect  them  to  discuss  in  a  meeting 
like  this  the  whole  details  of  the  plans  that  they  would  propose. 
But  Mr.  Sprague  has  given  us  a  general  idea  of  the  problem  as  it 
exists  now,  and  as  the  public  are  studying  it,  and  he  has  given  us 
the  most  lucid  account  which  I  could  conceive,  of  the  present  po- 
sition of  the  question  of  rapid  transit,  considered  generally.  I 
presume  every  one  who  has  listened  to  his  paper,  in  all  probabil* 
ity  thinks  that  electricity  is  the  only  means  which  will  be  adopted. 
I  will  now  sfyr,  however,  a  few  words  as  to  my  own  experience 
of  the  South  London  Itailway,  so  far  as  it  seems  to  bear  upon  the 

J  problem  here.  The  system  is  working  with  absolute  per- 
ection  at  the  present  moment.  At  the  beginning  of  its  running 
there  were  some  little  troubles,  chiefly  mechanicaL  There  were 
no  electrical  troubles  connected  wtth  the  railway  after  they  once 
got  the  proper  engine  down  to  work.  At  first  an  engine  not  quite 

E3werful  enough  tor  all  they  wished  to  accomplish  was  put  down 
ut  that  was  soon  replaced  by  a  more  powerful  one.  The  only* 
troubles  which  were  shown  at  first  were  due  to  want  of  balance 
in  the  car^  and  occasional  derailing.  That  has  been  completely 
obviated,  and  now  its  service  is  as  perfect  as  could  be  wished.  The 
comfort  of  traveling  on  this  line  is  worth  speaking  about.  I  have 
noticed  in  talking  with  New  York  men  that  their  yejidsiJhi^Laii 


»50  8PRAG  UE  ON  RAPID  TRANSIT,  [May  31, 

underground  railway  is  necessarily  objectionable.  If  those  per- 
sons speak  from  their  experience  of  tne  underground  steam  rail- 
way—the District  and  Metropolitan  railways— I  must  say  it  is  the 
most  perfect  good  sense.  Traveling  on  that  system  is  simply 
atrocious,  especially  in  warm  weather.  But  on  the  South  London 
Railway  the  comfort  is  perfect,the  temperature  is  uniform  summer 
and  winter.  There  are  not  the  fumes  that  are  in  the  underp^round 
railway  in  London,  and  there  is  no  vitiated  atmosphere  m  any 
way  whatever.  The  tunnel  is  air-tight  and  water-tight.  No  sew- 
age could  possibly  filtrate  into  it.  It  is  at  a  distance  bilow  all 
sewers  and  sewer  contamination,  and  the  ventilation  secured  by 
having  two  tunnels,  the  one  for  going  and  the  other  for  retum- 
ing,  is  absolutely  perfect.  The  arrangements  for  large  elevators 
— liydraulic  elevators  at  the  stations  for  carrying  people  to  the  sur- 
face of  the  ground — are  also  perfect.  1* he  only  point  which 
strikes  one  as  a  little  curious  is  that  besides  the  electric  system  for 
propulsion  and  the  hydraulic  system  for  the  elevators, we  also  have 
the  compressed  air  system  for  the  brake,  bottles  of  compressed 
air  being  carried  on  the  ears.  It  may  be  that  an  electric  system 
of  brakes  might  be  harmonious  with  the  other  parts  of  the  sys- 
tem, but  I  may  assure  you  here  that  the  comfort  of  traveling  on 
that  railway  is  perfect  and  could  not  be  improved  upon,  The 
little  noise  there  is,  is  not  very  objectionable.  Nor  would  It  be  in 
a  town  like  this,  where  we  are  accustomed  to  considerable  noises, 
without  raising  objection  to  them. 

My  own  opinion  is  certainly  in  support  of  the  view  which  Mr. 
Sprague  has  initiated,  that  the  solution  for  rapid  transit  in  New 
York  is  l)v  tunueluig  and  electric  traction.  As  to  the  particular 
method  of  electric  traction,  I  will  not  say  anything  about  that  at 
present.  It  is  a  mistake  to  suppose  that  there  is  only  one  system 
of  electric  traction  which  could  be  put  on — that  heavy  locomo- 
tives pulling  the  trains  is  the  only  way  by  which  the  problem 
could  be  solved.  But  out  of  the  many  ways  which  may  be  pro- 
posed, I  feel  sure  that  the  engineering  ability  which  will  be  called 
in  to  discuss  the  question  and  to  arrange  the  plans — out  of  that  I 
am  sure  that  the  outcome  will  be  highly  satisfactory.  I  have 
very  great  confidence  that  if  these  causes,  to  which  Mr.  Sprague 
has  alluded,  outside  the  engineering,  be  properly  dealt  with,  that 
the  problem  of  rapid  transit  in  New  York  will  before  many  years 
be  solved  in  the  way  which  electrical  engineers  would  wish  it  to 
be  solved.     [Applause.]  • 

The  Chairman  : — Before  leaving  the  subject  I  might  say  that 
when  I  came  home  from  Europe  a  couple  of  years  ago,  1  spoke 
so  warmlv  of  some  construction  I  had  seen  there,  that  there  was 
some  evidence  that  I  was  to  be  treated  as  a  social  pariah,  so  that 
I  can  sympathize  with  Mr.  Forbes. 

If  there  is  no  further  discussion  on  this  point,  we  will  now  be 
very  glad  to  hear  the  paper  of  Mr.  George  W.  Walker,  on 
''  Electric  Meters."  t 

Mr.  Walker  read  the  following?  paper :  ^'^  '^'^'^  ^^  v^OOgle 


A  Pap9r  read  at  tk*  General  Meeting  of  the  A  mer 
ican    Institute  of  Electrical  Engineers^  New 
York^  May  21st y  lAfi,   Vice-President  Lockwood 
in  the  ckair. 


ELECTRIC  METERS. 


BY  GEO.  W.  WALKER. 


The  time  has  come  for  the  central  station  companies  to  realize 
that  they  must  supply  the  electric  current  in  a  more  thoroughly 
commercial  manner— that  is,  it  must  be  sold  as  other  commodi- 
ties are  sold,  by  measure,  weight  or  its  equivalent.  To  convince, 
however,  an  already  skeptical  public  that  the  electric  current  can 
be  measured  with  as  great  if  not  a  greater  degree  of  accuracy  than 
the  established  and  accepted  methods  of  measuring  gas,  water 
and  steam,  is  no  small  undertaking.  The  fact  remains,  however, 
that  we  have  to-day  a  number  of  electric  meters  which  will  meas- 
ure the  electric  current  more  accuratel}^  and  thoroughly  than  in- 
struments adopted  for  similar  purposes  in  other  branches  of  busi- 
ness. 

We  have,  it  is  true,  one  great  question  which  we  cannot  an- 
swer, and  that  is  what  the  electric  current  really  is.  We  explain 
this,  however,  by  saying  we  can  measure  its  effects,  which  are  re- 
flected either  in  light,  heat  or  power.  Fortunately  for  us,  we 
have  adopted  units  which  are  universal ;  the  coulomb,  ampere 
and  ohm  represent  values  practically  the  same  throughout  the 
entire  world.  Therefore  we  start  out  with  fixed  rules  which 
must  be  recognized  as  well  by  the  old  world  as  the  new.  Com- 
pare this  fact  with  the  different  weights  and  measures  adopted  by 
various  nations  and  countries,  and  see  what  universal  dissimilarity 
exists.  Imagine  for  a  moment  what  consternation  would  exist 
among  the  great  dry  goods  houses  if  it  were  possible  to  instantly 
transfer  all  our  yard  sticks  to  France  and  their  metre  sticks  to 
this  country ;  the  result  would  be  to  momentarily  paralyze  their 
business.     We  can,  however,  place  our  measuring  instruments  on 
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any  circuit,  and  the  result  remains  the  same  and  is  read  with  the 
same  degree  of  certainty  and  accuracy  by  all  nations. 

As  gas  was  the  follower  of  the  tallow  dip,  so  is  electricity  the 
successor  to  gas,  and  one  of  the  legacies  inherited  by  ns  is  the 
much-abused  and  anathematized  gas  meter.  The  peculiarities  of 
this  somewhat  venerable  object  are  numerous,  sometimes  amus- 
ing, many  times  annoying  and  expensive,  as  our  personal  experi- 
ence will  prove.  The  original  gas  meter  was  a  very  crude  affair, 
indeed,  and  would  insist  on  freezing  or  drying  up  at  the  wrong 
time.  Probably  many  of  us  could  tell  amusing  experiences  which 
have  befallen  us  in  our  endeavor  to  make  it  work.  Its  progress 
to  its  present  state  of  perfection  was  very  slow  ;  in  fact,  for  almost 
if  not  quite  twenty  years  after  it  was  first  introduced,  no  improve 
ments  were  made  upon  it.  Much  as  we  blame  and  question  its 
arithmetic,  it  is  undoubtedly  a  very  reliable  instrument.  It  has, 
however,  by  comparison,  caused  the  ever  suspecting  public  to  look 
with  buspicion  upon  the  electric  meter,  even  though  they  **  see  the 
wheels  go  'round." 

In  presenting  this  subject  to  you,  it  may  be  interesting  to  know 
that  although  there  are  but  a  very  limited  variety  of  electric  me- 
ters now  on  the  market,  this  number  does  not  in  any  sense  repre- 
sent the  thought  and  time  that  has  been  given  to  this  particular 
branch  of  the  electric  field.  A  perusal  of  the  United  States  Pat- 
ent OflSce  reports  show  that  up  to  date  about  185  patents  have 
been  granted  on  electric  meters  alone.  The  first  patent  granted 
by  our  government  on  electric  meters  was  No.  132,569,  dated 
()ctober  'i9th,  1872,  and  issued  to  S.  Gardiner,  Jr.,  of  New  York 
,City.  The  mechanism  of  this  meter  consists  of  an  electro-magnet, 
having  its  armature  connected  to  a  releasing  device  of  a  clock 
movement,  the  dials  of  said  movement  indicating  the  time  during 
which  an  electrical  current  is  in  action. 

No  farther  patents  were  issued  until  the  year  1 878,  during 
which  year  a  patent  was  granted  to  W.  E.  Sawyer,  also  of  New 
York  City.  The  same  month,  November  26th,  a  patent  was  is- 
sued to  J.  Billings  Fuller,  of  Brooklyn,  N.  Y.,  on  what  was  per- 
haps the  first  alternating  meter  invented.  His  invention  is  em- 
bodied in  one  claim  which  reads  as  follows :  *'  An  electric 
lighting  system  in  which  the  light  is  produced  by  alternating  cur- 
rents, an  electro-magnet  placed  in  the  main  or  induced  current 
circuit,  or  in  a  shunt  therewith  connected,  and  having  a  polarized 
armature,  the  vibrations  of  which  actuate  a  train  of  registering 
wheels,  substantially  as  and  for  the  purpose  specified'^.^y^^^^g'*^ 
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The  patents  granted  to  Sawyer  and  Fuller  were  the  only  ones 
issued  in  1878.  One  patent  was  granted  in  1879;  three  in  1880; 
seven  in  1881;  seven  in  1882;  eight  in  1883;  nine  in  18^4:;  five  in 
1885;  twelve  in  1886;  thirteen  in  lb87;  twtnty-two  in  1888; 
thirty-six  in  1889;  and  about  sixty  during  the  year  lb9()  and  up 
to  the  present  time.  You  see,  therefore,  that  considerable  time, 
brains  and  money  have  been  expended  in  the  direction  of  perfect- 
ing the  electric  meter.  A  careful  examination  of  the  185  patents 
issued,  reveal  many  ingenious  devices  for  the  measurement  of  the 
electric  current.  But  in  most  cases  the  expense  of  manufacture, 
the  likelihood  to  derangement  and  the  cost  of  operation  kept 
these  meters  out  of  the  race,  from  a  practical  standpoint.  It 
wonld  be  impossible  in  the  time  allowed  for  this  paper  to  describe 
a  great  many  meters.  I  presume  you  will  be  interested  only  in 
those  which  have  been  placed  prominently  and  in  a  commercial 
manner  before  the  American  public.  1  will  take  them  up  accord- 
ing to  their  seniority  and  describe  them  as  briefly  as  possible. 

The  first  to  consider  is  the 

Edison  Electrolytic  Meter. 

The  fundamental  patent  taken  out  by  Mr.  Edison  on  his  chemi- 
cal meter  is  Ko.  251,545,  dated  December  27th,  1881.  In  the 
patent,  an  electro-magnet  is  claimed  as  part  of  the  meter,  the 
principal  claim,  however,  is  in  the  use  of  an  electrolytic  cell 
placed  in  a  shunt  circuit,  the  resistance  being  so  proportioned 
that  a  definite  fraction  of  the  current  passes  through  the  cell.  The 
chemical  action  of  this  meter  when  in  use,  consists  in  depositing 
metal  from  one  electrode  to  another,  the  rate  of  deposit  being 
regulated  by  the  amount  of  current  passing  through  the  meter. 
The  electrical  energy  consumed  is  measured  by  ascertaining  the 
increase  of  weight  of  the  electrode  which  receives  the  depoi^it. 
Subsequent  to  the  issue  of  this  patent,  he  devised  various  modifi- 
cations of  this  meter,  introducing  recording  devices,  as  in  Patent 
No.  304,082,  which  provides  for  the  use  of  two  electrolytic  cells? 
one  plate  of  each  being  suspended  from  the  beam  of  a  sensitive 
balance,  the  circuit  being  so  arranged  that  one  cell  is  in  circuit  at 
a  time.  The  direction  of  current  in  that  cell  is  such  that  the  elec- 
trolytic action  in  the  same  will  throw  the  balance  out  of  equilib- 
rium, causing  the  beam  to  kick  and  by  that  action  throw  the 
current  to  the  other  cell  and  register  one  on  the  counter.  Vari- 
ous other  devices  were  patented  and  experimented  upon  by  Mr. 
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Edison  to  accomplish  similar  results.  He  also  devised  a  meter 
upon  the  motor  principle,  a  patent  for  which  was  allowed  him 
June  14th,  1881,  No.  242,90J.  However,  he  finally  adopted  the 
electrolytic  cell  meter  pure  and  simple  as  the  one  to  offer  to  the 
public  in  a  commercial  sense. 

The  meter  as  used  to-day  by  the  Edison  Company,  is  but  a  slight 
modification  of  the  original  plan.  Mr.  A.  E.  Kennelly,  in  a  pa- 
per which  was  read  before  the  Association  of  Edison  Illuminating 
Companies,  at  Minneapolis,  is  my  authority  for  stating  that  the 
bottles,  plates  and  resistance  in  the  present  three-wire  Edison 
meter  are  of  a  uniform  size  without  regard  to  the  size  of  the 
meter.  For  example,  it  is  so  arranged  in  the  smallest  meter  that 
each  milligramme  of  weight  transferred  represents  one  ampere 
hour  of  supply,  the  rate  of  transfer  being  ten  milligrammes  per 
hour  at  a  full  load.  In  a  No.  8  meter,  each  milligramme  of  de- 
posit would  represent  8  ampere  hours,  a  No.  4  meter  4  ampere 
hours  etc.  The  meter  number  being  the  index  of  the  supply  in 
each  case.  It  is  claimed  that  making  all  bottles,  plates  and  re- 
sistances uniform  in  size  has  simplified  in  some  degree  the  hand- 
ling of  this  meter.  Whilst  this  may  be  the  case,  we  must  not 
lose  sight  of  the  fact  that  another  constant  has  been  introduced 
which  is  governed  by  the  size  of  the  meter.  This,  together  with 
the  fact  that  only  ,75  part  of  the  current  supply  passes  through 
the  meter,  allows  a  possibility  of  quite  a  large  error,  I  will  not 
weary  you  with  a  dissertation  on  bottle  resistance,  oxidation,  the 
correctness  of  the  german  silver  shunt,  etc.  I  will  merely  add 
that  although  the  Edison  electrolytic  meter  has  been  criticized  very 
severely  by  many  prominent  electricians,  and  much  has  been  said 
pro  and  con  about  it,  we  must  all  acknowledge  that  it  has  been 
introduced  quite  extensively  by  the  Edison  Company,  and  has, 
in  a  commercial  sense  at  least,  proved  a  success. 

The  Shallenbeeqer  Meter. 

This  meter  is  of  the  motor  type  and  devised  for  the  alternating 
current  only.  The  first  patent  allowed  to  Mr.  Shallenberger  was 
No.  388,003,  dated  August  I4tb,  1888. 

The  elements  employed  in  the  construction  of  this  meter  are  : 
First,  an  armature  of  metal  capable  of  rotation  ;  second,  an  elec- 
tric circuit  which  is  so  arranged  that  when  it  is  traversed  by  alter- 
nating electric  currents,  a  field  of  force  is  induced  having  a  given 
polar  line  or  axis  with  reference  to  the  armature ;  and,  third,  a 
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circnit  so  regulated  as  to  the  first  circait,  that  currents  are  pro- 
duced in  such  second  circuit  by  the  action  of  those  in  the  first,  the 
phases  of  which  succeed  those  of  the  currents  in  the  first  circuit 
and  set  up  for  the  armature  a  second  field  of  force,  the  axis  of 
which  intersects  that  of  the  first.  To  the  armature  is  attached  a 
shaft  which  by  a  worm  gear  operates  a  suitable  dial  train,  repre- 
senting the  number  of  revolutions  made  by  the  armature.  Means 
have  been  provided  to  retard  the  speed  of  the  armature,  by  intro- 
ducing a  set  of  fans  or  vanes,  which  are  also  attached  to  the  shaft. 
It  is  claimed  by  the  inventor  that  the  retarding  efEect  produced 
by  the  fans  or  vanes  should  increase  as  the  square  of  the  speed, 
inasmuch  as  the  tendency  of  rotation  increases  as  the  square  of 
the  current  Whether  this  has  proven  to  be  a  fact,  those  who 
have  used  this  meter  can  best  decide.  Like  all  other  motor  me- 
ters, the  diflScult  points  to  solve  are  to  produce  proper  speed  on 
very  light  loads  and  have  the  retarding  action  correct  as  the  load 
increases  and  your  motor  commences  to  move  itself  along.  Mr. 
Shallenberger  has  recently  taken  out  a  number  of  patents  consist- 
ing of  improvements  and  modifications  of  his  original  claims.  One 
of  his  recent  devices  provides  for  cutting  the  meter  out  of  circuit 
when  all  the  lamps  have  been  turned  ofE.  It  has  been  found  that 
even  though  all  lamps  are  out,  there  is  still  a  leakage  occasioned 
by  the  transformer,  and  the  inventor  concludes  it  to  be  unwise  to 
ask  the  consumer  to  pay  for  such  leakage.  The  patents  of  Mr. 
Shallenberger  are  now  owned  and  controlled  by  the  Westing- 
house  Electric  Company,  and  this  meter  has  been  introduced  by 
them  quite  extensively  both  in  this  country  and  abroad. 

The  Abon  Meteb. 

This  meter,  invented  by  Dr.  Aron,  of  Berlin,  Prussia,  has  as 
its  underlying  principle,  the.  ascertaining  of  current  consumed,  by 
noting  Ihe  difference  in  the  rate  of  movement  of  two  clocks,  one 
of  which  is  affected  by  the  electric  current  passing.  The  appa- 
ratus consists  substantially  of  two  pendulums,  regulated  so  as  to 
have  synchronous  oscillations.  The  left  hand  pendulum  is  of  usual 
construction  ;  the  right  hand  pendulum  carries  at  its  extremity 
as  weight,  a  steel  magnet.  Each  pendulum  is  kept  swinging  by 
a  clock  movement  actuated  by  spring  power.  Both  pendulums 
act  jointly  upon  one  dial  train,  which  counts  the  difference  of 
their  oscillations.  As  long  as  no  current  passes  through  the  coun- 
ter coil  fixed  below  the  magnetic  pendulum,  both  pendulums 
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OBcillate  syncbronouslj  and  the  dial  train  is  at  rest.  As  soon, 
however,  as  the  current  passes  through  the  large  coil,  the  time  of 
oscillation  of  the  magnetic  pendulum  is  affected,  so  that  it  swings 
faster  as  the  current  passing  through  the  coil  increases,  the  dial 
train  registering  the  oscillation  of  the  magnetic  pendulum.  In 
order  to  take  a  reading  of  the  current  consumed,  it  is  necessary  to 
multiply  the  degrees  marked  on  the  dial  by  the  constant,  which  is 
determined  for  each  meter  individually.  The  clocks  are  supposed 
to  run  thirty  days  with  one  winding.  This  meter  has  been  intro- 
duced quite  extensively  in  Berlin.  Judging  from  its  general  con- 
struction, it  should  give  very  accurate  results,  if  operated  under 
favorable  conditions.  Its  size  and  cost,  however,  liave  prevented 
any  general  adoption  of  it  in  this  country.  I  understand  its 
representative  in  America  has  concluded  to  give  up  the  fight  and 
return  to  Berlin,  This,  I  am  told,  was  hastened  somewhat  by 
the  passage  of  the  McKinley  bill,  which  imposed  such  heavy  du- 
ties on  their  importation  as  to  make  it  impossible  to  com  pete  suc- 
cessfully with  the  other  meters  in'the  market. 

Thb  Thomson  Watt-Meter. 

Prof.  Elihu  Thomson  has  probably  been  the  most  prolific  in- 
ventor of  electric  meters,  as  the  Patent  Office  reports  will  prove. 
Previous  to  bringing  out  his  watt-meter,  Prof.  Thomson's  efforts 
were  largely  directed  to  perfecting  what  might  be  termed  vapor 
meters.  The  general  principle  of  this  character  of  meter  is 
the  evaporation  by  heating  effect  of  fluids,  such  as  alcohol,  ether 
and  water,  such  fluids  being  confined  in  sealed  vessels  or  cham- 
bers. Each  meter  provides  for  the  use  of  two  or  more  glass  cham- 
bers, such  chambers  being  connected  by  a  suitable  glass  tube,  and 
then  delicately  poised.  By  the  heating  effect  of  the  passing  elec- 
tric current  a  change  in  the  weight  of  one  or  the  other  of  the 
vessels  is  produced,  which  disturbs  their  equilibrium,  and  by  a 
suitable  arrangement  counts  their  oscillations  upon  a  dial  train. 
Prof.  Thomson  has  devised  many  interesting  meters  operating  on 
this  principle,  but,  unfortunately,  they  did  not  appeal  to  the  com- 
mercial public  in  a  favorable  manner.  His  most  recent  inven- 
tion, and  the  one  which  has  been  adopted  by  the  Thomson-Hous- 
ton company,  is  what  is  known  as  the  Thomson  wattmeter. 
This  meter  is  of  the  motor  type  and  consists  of  a  set  of  coils 
wound  on  a  hollow  frame,  forming  what  might  be  termed  a 
Siemens  armature  of  polygonal  outline,  without  any  iron  core. 
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Passing  throagb  this  armature  is  a  vertical  shaft  which  rests  in 
jewelled  bearings  at  the  top  and  bottom.  The  coils  of  the  arma- 
ture are  connected  to  a  commutator  carried  on  the  shaft  near  its 
upper  bearing;  two  light  springs  bear  upon  this  comnmtator  and 
constitute  the  brushes.  The  coils  of  the  armature  are  wound 
with  fine  wire  and  have  in  circuit  with  same,  resistance  which  is 
wound  according  to  the  voltage  required.  The  armature  and  re- 
sistance are  usually  connected  in  shunt  across  the  mains.  The 
armature  has,  surrounding  it,  a  set  of  fixed  coils,  forming  the  field 
magnets,  through  which  the  current  to  be  measured  passes.  At- 
tached to  the  shaft  which  passes  through  the  armature,  is  a  gear 
which  engages  with  a  train  of  dials  or  counters  for  the  purpose  of 
recording  the  revolutions  of  the  armature  and,  consequently,  the 
amount  of  current  consumed  The  means  provided  to  regulate 
the  speed  of  the  armature  consists  of  a  copper  disc,  which  is  also 
attached  to  the  armature  shaft.  This  disc  rotates  between  the 
poles  of  a  number  of  permanent  magnet*  and  is  retarded  by  their 
influence.  In  this  case,  as  in  other  meters  of  this  type,  the  difii- 
culty  of  securing  proper  speed  for  light  load  and  regulation  on 
heavy  load,  is  the  great  question  to  overcome. 

The  claim  that  this  is  an  absolute  watt-meter,  I  fail  to  see  the 
justice  of.  inasmuch  as  the  armature  and  resistance  must  be  spe- 
eially  wound  for  any  given  voltage  For  example,  a  meter  wound 
for  the  110  volt  circuit  will  not  operate  correctly  on  a  60  or  75 
volt  circuit,  and  vice  versa.  In  fact,  it  is  absolutely  necessary  to 
correctly  wind  the  armature  and  resistance  for  the  given  voltage 
of  the  circuit  upon  which  the  meter  is  to  be  used. 

The  tendency  of  this  meter  to  continue  to  operate  after  all 
lamps  have  been  turned  of  has,  it  is  claimed,  been  in  a  measure 
overcome  by  the  use  of  brass  instead  of  iron  in  the  frame  of  the 
meter.  However,  the  permanent  magnets  surrounding  the  cop- 
per disc  seem  to  give  out  lines  of  force  creating  a  field  for  the 
armature,  which  is  usnaUy  in  shunt  across  the  mains,  and  in  case 
the  armature  and  resistance  are  not  adapted  to  the  voltage  of  the 
circuit,  the  meter  will  continue  to  operate  for  or  against  the  con- 
sumer. 

The  principle  embodied  in  this  meter  is  not  new,  and  it  is  only 
fair  to  add  that  as  far  back  as  the  years  1383  and  1884  patents 
Nos.  233,547  and  304,881  were  taken  out  by  Mr.  Edward  Wes- 
ton, on  a  meter  of  similar  construction.  The  claims  of  Mr.  Wes- 
ton's patent  provide  for  the  use  of  a  motor  in  which  the  armature 
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is  coDnected  across  the  mains  and  a  suitable  device  for  regulating 
the  speed  of  same,  also  a  dial  train  to  record  the  number  of  revo- 
lutions made  bj  the  armature,  representing  the  amount  of  current 
consumed.  Mr.  Weston's  method  of  .controlling  the  speed  of  the 
armature  provided  for  the  moving  of  one  of  the  field  magnets  to 
and  from  the  armature.  The  principles  embodied  in  these  two 
meters  seem  very  similar. 

The  meters  which  have  thus  far  been  described,  all  provide  for 
measuring  the  amount  of  current  consumed  in  a  culminate  man- 
ner, either  by  a  series  of  dials  or  by  ascertaining  the  amount  of 
metal  deposited  on  an  electrode.  Therefore,  any  question  as  to 
the  correctness  of  the  result  attained  cannot  be  explained  in  de- 
tail. As  I  stated  before,  the  gas  meter  is  our  legacy,  and  strange 
to  say,  the  efforts  thus  far  made  by  inventors  have  been  to  pro- 
duce a  meter  resembling  the  gas  meter  as  much  as  possible,  both 
in  its  appearance  and  operation.  The  meter  which  I  will  next 
describe  is  one  with  which  1  am  the  most  familiar,  and  which  differs 
in  its  operation  from  any  thus  far  brought  to  your  attention. 

The  Walkbb  Mbtbb. 

It  has  been  usual,  in  testing  any  electric  meter,  to  place  in  the 
circuit  with  same,  an  ammeter  for  the  purpose  of  proving  the  cor- 
rectness  of  the  meter's  operation.  Assuming  this  hypothesis  to  be 
correct,  we  have  in  the  Walker  meter  the  element  of  a  test  instru- 
ment, inasmuch  as  the  meter  consists  principally  of  an  ammeter 
which  measures  all  the  current  passing,  and  records  by  photogra- 
phy the  various  positions  occupied  by  the  ammeter  needle.  The 
use  of  photography  in  this  case  is  to  eliminate  the  element  of  fric- 
tion in  the  meter.  When  I  use  the  word  photography,  I  do  not 
wish  to  imply  that  there  are  lenses  or  any  of  the  necessary  devices 
pertaining  to  the  photographic  art,  to  contend  with.  The  appa- 
ratus is  simply  so  arranged  that  the  ammeter  needle  point  is  rep- 
resented by  a  speck  of  light,  and  as  the  needle  moves  its  position, 
this  point  of  light  traces  an  image  on  the  sensitive  paper  which  is 
immediately  behind  the  same.  In  other  words,  we  are  practically 
photographing  the  position  of  the  ammeter  needle  during  such 
time  as  it  is  being  affected  by  the  passing  current,  and  the  result 
is  a  continuous  line  marked  upon  the  sensitized  paper,  represent- 
ing the  fluctuations  of  the  ammeter  needle 

In  detail,  the  meter  consists  of  an  ammeter  coil  or  solenoid, 
in  which  an  iron  wire  in  the  shape  of  a  nearly  complete  circle,  is 
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placed  as  a  core.  The  same  shaft  to  which  the  circle  or  core  of 
the  ammeter  is  attached,  has  also  fixed  thereto  a  light  alnminimn 
sector  provided  with  a  fine  vertical  slot ;  this  slot  representing 
the  needle  or  pointer  of  the  ammeter.  Immediately  behind  this 
sector  is  a  box  which  encloses  a  roll  of  sensitized  photographic 
paper.  The  screen  placed  between  the  sector  and  the  box  has  a 
horizontal  slot  before  which  the  sensitized  roll  is  made  to  pass. 
The  vertical  slot  in  the  sector  is  so  arranged  as  to  come  at  right 
angles  with  the  slot  in  the  screen,  so  that  in  whatever  position  it 
may  be  it  will  always  allow  a  point  of  light  to  pass  from  the 
lamp  which  is  enclosed  in  the  meter,  onto  the  roll  of  sensitized 
paper. 

Perforations  in  the  screen,  representing  the  calibration  of  the 
instrument,  cause  continuous  horizontal  lines  to  be  printed  on  the 
sensitized  paper.  Another  horizontal  slot  below  these  perfora- 
tions is  covered  by  a  shutter  which  is  opened  every  hour  by  the 
clock  movement,  and  causes  vertical  lines  to  be  printed  across  the 
sensitized  paper,  representing  hours  of  service.  The  number  of 
the  meter  is  also  printed  every  hour  just  above  this  hour  line. 
Means  have  been  provided  for  causing  a  continuous  movement  of 
the  paper  roll  at  a  given  speed,  and  this  is  effected  by  the  use  of 
a  small  clock  movement  which  is  wound  automatically  by  the  elec- 
tro-magnet, placed  in  shunt  circuit  with  the  lamp  in  the  meter. 
The  clock  movement  remains  stationary  and  the  lamp  goes  out 
when  no  current  is  on  the  circuit,  but  both  start  up  immediately 
upon  the  lighting  of  a  single  lamp.  In  this  way  there  is  impressed 
upon  the  moving  paper  roll  a  complete  record  in  a  detailed  man- 
ner, of  the  current  consumed  in  the  circuit  for  a  given  time. 

The  roll  of  paper  after  a  certain  time,  say  one  month,  is  taken 
from  the  box  and  developed  in  the  usual  manner,  so  as  to  fix  the 
light  impressions.  It  can  then  be  measured  up  in  the  same  way 
as  an  indicator  card,  by  the  use  of  the  planimeter.  The  consumer 
is,  therefore,  at  any  time  able  to  check  the  charges  made,  and  the 
records  being  permanent  can  boused  for  future  reference.  It  is 
evident  that  a  large  number  of  rolls  can  be  developed  in  the  same 
time  required  to  handle  a  single  one ;  in  fact,  the  number  is  re- 
stricted only  by  the  size  of  the  vessel  used.  In  the  meter,  as  at 
present  manufactured,  each  square  inch  on  the  diagram  represents 
16  ampere  hours,  therefore  the  total  number  of  square  inches 
measured  by  the  planimeter  need  only  be  multiplied  by  sixteen 
to  arrive  at  the  sum  total  of  the  energy  consumed.    The  loss  in 
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operating  this  meter  is  confined  to  tlie  energy  required  to  bnm 
one  lamp  in  the  meter  which,  at  the  candle  power  used,  takes  one- 
sixteenth  of  an  ampere.  This  is  the  maximum  loss,  whether  the 
current  of  one  or  a  thousand  lamps  is  being  measured,  the  ratio  of 
loss  decreasing  as  the  load  increases. 

The  only  care  required  in  operating  this  meter  is  in  placing  the 
sensitized  paper  in  the  holder.  In  order  to  do  this  satisfactorily, 
a  dark  room  should  be  built  in  a  convenient  portion  of  the  sta- 
tion. A  window  of  dark  yellow  glass  in  this  room  will  provide 
plenty  of  light  for  the  operator,  but  if  more  light  is  required  this 
window  can  be  covered  with  yellow  post  office  paper  and  an  in- 
candescent lamp  suspended  before  it.  The  sensitized  paper  in 
rolls  of  sufficient  length  for  one  month^s  use  comes  in  sealed  pack- 
ages, and  must  only  be  opened  and  placed  in  the  holder  in  the 
dark  room.  A  boy  can  be  instructed  to  collect  the  boxes,  as  skill 
is  not  required.  As  stated  before,  the  meter  nnmber  is  printed 
on  the  diagram  every  hour,  therefore  it  is  not  necessary  to  keep 
any  record  of  the  box  itself. 

It  is  evident  that  a  meter  which  provides  means  to  compute 
the  current  consumed  in  a  detailed  manner,  has  advantages  which 
other  meters  do  not  possess,  inasmuch  as  any  question  as  to  the 
correctness  of  bills  rendered,  can  be  satisfactorily  explained  by  re- 
ferring to  the  diagram  or  chart  made  by  the  meter  which  is  in 
dispute. 

The  Patent  Office  reports  show  numerous  devices  for  securing 
the  record  of  the  ammeter  needle  on  a  moving  strip  of  paper,  by 
the  use  of  a  siphon  pen  or  pencil.  In  all  such  cases,  however, 
the  element  of  friction  is  so  apparent  as  to  make  their  use  prohib- 
itivi*.  The  patent  granted  to  W.  C.  Patterson,  No.  333,777,  is- 
sued January  5th,  1886,  and  another  to  myself,  No.  4ii6,678, 
dated  July  9th,  1 889,  are  the  only  ones  which  cover  the  use  of 
paper  which  is  sensitive  to  light  in  combination  with  electrical 
measuring  devices.  I  regret  that  my  time  will  not  allow  me  to 
describe  several  other  meters  which  have  been  presented  to  the 
American  public,  as  well  as  meters  of  recent  foreign  production. 
The  subject  matter  is  too  extensive  to  include  in  one  paper,  and 
probably  may  be  taken  up  at  some  future  day  and  more  fully 
presented. 
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Discussion.^ 

Pbof.  Thomson:— I  am  a  little  at  a  loss  to  know  just  exactly 
what  we  have  onder  discussion,  whether  it  is  the  meter  which  is 
before  us,  or  the  various  meters  that  are  mentioned  in  the  paper. 
If  I  look  upon  the  matter  in  the  broadest  way  T  might  perhaps 
be  able  to  say  something  as  to  each  type  of  meter  mentioned. 
But  that  would  be  rather  a  lengthy  procedure  and  as  one  form 
of  meter  which  I  have  designed  is  mentioned,  perhaps  I  had 
better  confine  my  remarks  principally  to  that. 

In  the  first  place,  Prof.  Forbes  made  a  very  apt  remark  in 
connection  with  this  meter,  and  that  is,  that  it  ought  not  to  be 
called  a  watt-meter,  which  is  perffsctly  true.  Watt  simply  indi- 
catesa  rate.  But  it  is  not  called  a  watt-tneter.  It  is  called  a  record- 
ing watt-meter;  that  saves  it,  that  is,  it  records  the  rate  and 
integrates  the  rate  for  the  time.  In  that  sense,  of  course,  it 
would  he  proper  to  call  it  an  integrating  watt^meter,  recording 
the  rate  and  multiplying  it  by  the  time. 

The  paper  before  us  speaks  of  this  form  of  the  meter,  which, 
by  the  way,  has  of  course  been  designed  foi  certain  purposes,  to 
fit  certain  conditions.  One  ot*  those  conditions  was  to  give  the 
customer  an  opportunity  to  read  for.  himself  (just  as  he  does  with 
the  ^as  meter)  a  record  and  to  understand  it.  Now,  we  found 
this  m  a  good  many  cases  an  important  matter,  and  our  efforts 
were  spent  largely  to  secure  that  end,  to  get  as  it  were,  an  in- 
strument that  would  represent  the  gas  meter  recording  on  a  dial 
the  use  of  current  energy. 

The  instrument,  of  course,  has  its  limits;  that  we  must  fully 
recognize,  but  that  it  does  good  service  inside  those  limits  per- 
haps is  als«)  perfectly  true.  It  will,  of  course,  not  readily  respond 
to  one  volt  or  to  1"  volts,  perhaps,  but  it  will  respond  to  condi- 
tions of  considerable  variation  in  the  voltage  as  well  as  to  enor- 
mous variation  in  the  curren  t  Such  meters  have  been  constructed 
which  will  range  from  one  to  :i«'()  amperes.  This,  of  course,  is 
quite  a  wide  range,  the  error  being  only  a  few  per  cent,  on  the 
lighter  loals.  The  accuracy  for  the  neavier  loads  is  almost 
exact,  as  exact  as  such  mechanism  coald  be  expected  to  be  The 
accuracy  of  the  smaller  load  meters  is  all  that  could  be  desired, 
those  taking  from    lo  to   80  amperes  for  the  heavy  loads  are 

J  practically  accoirate,  and   the  sensitiveness  is,   of  course   to  a 
raction  of  one  ampere.     It  sometimes  goes  lower  than  a  quarter 
of  an  ampere. 

Now,  this  matter  of  the  range  which  a  meter  can  work  under 
is,  of  course,  an  important  one ;  and  I  know  of  no  type  of  meter 
which  has  given  that  much  range  with  the  same  accuracy,  at 
least  so  far  as  my  information  goes.  It  is  true  that  the  principle 
of  the  meter  is  not  new.  I  claim  nothing  especially  for  the 
principle.     I  simply  claim  the  working  of  that  principle  into  a 
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device  which  is  OBeful  in  the  industrial  applications.  There  are 
features  about  the  meter  which  did  not  appear  in  any  former 
arrangements  and  these  features  I  think  are  features  which  have 
made  it  a  success.  The  same  criticism  might  be  made  on  the 
meter  before  us — ^that  the  principle  of  it  is  not  new.  The  new 
feature  perhaps  is  the  recording  bj  a  photographic  method  as 
distinguished  from  recording  by  other  methods  I  remember 
distinctly.  I  think  it  was  in  1886  or  1887,  making  a  meter  which 
was  substantially  the  same  in  principle,  only  the  record  was 
made  on  a  sheet  of  paper  by  punching  little  pin  holes  at  inter- 
vals. There  was  no  friction  auring  the  setting  of  the  ammeter 
portion  of  the  apparatus.  The  friction  was  as  little  as  it  is  in 
tiie  meter  before  us  and  the  little  point  that  passed  over  the 
paper  was  clear  of  the  paper  until  an  electro-magnet  struck  it  a 
blow  and  made  a  little  indentation,  the  point  jumping  up  again 
and  being  ready  to  take  a  different  position.  That  eliminated 
the  element  of  friction,  and  I  had  in  that  m  ter  an  arrangement 
for  doing  away  with  clockwork  which  worked  very  satisfactorily 
in  the  meter  constructed  It  is  nothing  more  nor  less  than  a 
pendulum  which  is  self  starting.  There  was  an  electroma^et 
which  pulled  upon  an  armature  and  a  pendulum  self  starting. 
This  depending  lever  or  the  pendulum  worked  a  pawl  [illustrating] 
which  gave  us  the  motion  or  winding  of  the  paper.  The  pen- 
dulum.at  rest  was  always  stopped,  in  a  position  ready  to  start  and 
it  broke  its  own  magnet  circuit,  or  worked  a  set  of  contacts  for 
the  magnet  which  kept  the  pendulum  in  motion  so  that  the  rate 
of  goinff  was  perfectly  regular  The  little  recording  point  was 
mounted  on  a  spring  connected  with  the  ammeter  which  latter 
was  merely  a  little  piece  of  iron  on  a  vertical  shaft  inside  a  coiU 
and  the  coil  and  the  iron  shaft  so  arranged  as  to  get  substantial 
uniformity  of  movement  throughout  the  range  of  current.  The 
little  recording  point  was  over  the  strip  of  paper  and  the  electro- 
magnetic hammer  was  above  it,  and  at  every  revolution  of  this 
ratchet  wheel  worked  by  the  pendulum  which  constituted  prac- 
tically the  whole  of  the  clockwork,  the  magnet  armature  was 
drawn  and  struck  a  blow  which  brought  the  point  down  to  the 
paper.  The  paper  as  it  came  off  woula  have  a  series  of  dots  the 
position  of  wnich  would  change  according  to  the  load,  and  the 
same  process  of  integrating  this  curve  would  be  used  as  in  the  meter 
before  us.  For  the  purpose  of  recording,  we  did  not  waste  any 
energy  as  is  here  done  in  working  an  incandescent  lamp  for  photo- 
graphic action  in  the  meter.  No  doubt  the  lamp  used  could  be 
diminished  in  size.  But  if  it  should  give  out  from  any  cause,  it  ia 
not  replaced  at  once  or  until  some  one  discovers  the  difficulty. 
Until  then  the  record  fails.  I  do  not  care  to  go  into  any  further 
criticism  in  relation  to  this  matter ;  but  I  think  when  we  look  at 
these  things  we  should  be  prepared  to  look  at  them  from  all  sides. 
Mb.  Walkkb  : — The  remarks  of  Prof.  Thomson  are  undoubt- 
edly very  explicit,  and  very  true.     We  do  nq^j^^ip^lQf  jW(t 
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meter  that  it  ie  a  new  principle,  beyond  the  manner  of  securing 
the  record  of  the  action  of  the  ammeter  needle.  I  am  aware 
that  devices  such  as  Prof,  l^homson  has  explained  in  which  a  slip 
of  paper  has  been  marked  by  the  aid  of  the  ammeter  needle,  have 
been  tried  very  frequently  as  well  as  the  nse  of  a  siphon  pen  on 
the  needle  point,  I  remember  in  looking  over  this  question  to  have 
discovered  one  which  was  proposed  by  Mr.  Edison.  Mr.  Edison 
provided  a  siphon  pen  which  was  carried  on  the  ammeter  needle 
and  a  strip  oi  paper  which  was  kept  moving  by  a  clock  move- 
ment or  suitable  device  and  a  magnet  which  at  intervals  of  half 
a  minute  or  half  a  second  would  bring  the  paper  against  this 
siphon  pen  and  get  a  dot.  However,  in  case  of  an  interruption 
ot  an  hour  or  two  it  is  very  likelv  that  the  siphon  would  cloe  up 
ind  there  would  be  no  further  dots.  The  meter  describea  by 
Prof.  Thomson,  would  have  the  same  difficalty  inasmuch  as  the 
pointer  might  pierce  through  the  paper  and  fail  to  act  thereafter. 
The  major  criticism  that  has  been  made  on  the  Walker  meter  is 
the  possibility  of  the  breaking  of  the  lamp  in  the  meter.  In  the 
exhibit  you  see  a  lamp  burning  very  brightly,  the  candle  power 
used  there  however  is  not  at  all  necessary.  In  fact,  a  lamp 
burning  at  one  candle  power  or  a  sixteen  candle  power  lamp  of 
very  highvolta^  will  be  ample.  Say  you  are  supplying  a  meter 
on  a  110  volt  circuit;  pUce  in  the  meter  a  I50,  l6i>  or  175  volt 
lamp  and  you  have  ample  light  to  photograph  the  action  of  the 
Aeeale,  and  it. is  then  quite  likely  that  the  lamp  will  not  break. 
In  other  words  lamps  burning  under  their  voltage  are  very  apt 
to  have  considerable  life.  If,  nowever,  this  question  should  pn>ve 
to  be  a  serious  objection,  it  is  very  readily  overcome  by  putting 
in  a  double  filament  lamp  or  a  contrivance  for  operating  two 
small  lamps.  The  power  required  to  operate  the.clocK  mechanism 
depends  entirely  upon  the  size  of  wire  used  in  the  winding  magnet, 
and  as  said  bef(»re  the  candle  power  of  the  lamp  is  of  very  plight 
consequence,  inasmnch  as  the  burning  of  a  match  would  be  ample 
to  give  us  all  the  record  necessary. 

Mb.  Van  Trump: — The  distinguishing  feature  of  this  instru- 
ment is  that  it  is^  a  recording  ampere-meter,  and  I  should  like  to 
ask  Mr.  Walker  what  he  has  to  oner  us  in  the  ^  ay  of  a  recording 
voltmeter.  The  use  of  such  an  instrument  would  immediately 
suggest  itself  to  those  who  have  to  do  with  central  station 
management.  Such  an  instrument  placed  on  lines  in  a  station 
and  a  duplicate  instrument  used  at  different  points  on  the  mains 
would  give  us  cards  which  would  give  us  very  valuable  data  in 
the  distribution  of  our  copper  on  the  mains.  And  besides  that  a 
recording  ampere-meter  to  automatically  register  the  load  on  a 
central  station  is  a  very  nice  feature.  It  does  awav  with  the 
unreliability  of  having  an  attendant  mark  up  on  a  load  chart  the 
load  on  the  station  at  different  times ;  so  that  we  can  at  any  time 
tell  exactlv  what  we  have  done  and  what  our  proportion  of  fuel 
to  output  has  been.  ygt^ed  by s^^^kj^is^ 


864  WALKBR  ON  JSLBCTBIC  MBTBB8.  [May  2U 

Mb.  Walker  :— I  would  state  that  we  have  in  contemplation  a 
gystem  based  on  the  principle  referred  to  by  the  gentleman  who 
has  jnst  spoken.  For  example,  we  propose  to.  devise  instmments 
sufficiently  large  to  measure  the  amount  of  current  produced  at 
the  central  station  and  smaller  sizes  for  distribution  service  and 
any  difference  between  the  products  of  the  station  instruments 
and  those  on  the  line  would  naturally  be  the  loss  on  the  line  in 
ampere  current.  We  are  also  at  present  at  work  and  have  very 
nearly  ready  for  placing  before  the  public. a  recording  voltmeter 
operating  on  precisely  the  same  plan.  Such  an  instrument  was 
suggested  to  us  by  the  usefulness  which  the  recording  ammeter 
has  shovm.  By  naving  the  recording  voltmeter  at  your  station 
and  at  various  points  on  the  line  it  is  absolutely  certain  of 
securing  the  exact  drop  of  potential  on  the  line,  ana  will  besides 
be  practically  a  detective  on  your  engineer  and  electrician  at  your 
stations,  showing  whether  they  are  keeping  up  the  proper  electro- 
motive force  all  the  time.  In  other  words,  the  superintendent 
will  at  the  end  of  the  month  have  a  perfect  check  against  his^ 
ens^ineer  and  electrician. 

Me.  Birds  all: — The  subject  of  recording  meters  at  stations 
has,  I  think,  come  to  every  station  manager,  and  they  have  all 
felt  the  need  of  them,  and  in  the  course  of  my  trips  among  the 
various  stations  of  the  country  I  saw  'the  great  need ;  as  in  a 

Sreat  many  of  the  stations  they  made  a  curve  of  the  load  every 
ay  by  hand.  Recognizing  such  a  want,  about  four  years  ago  t 
started  out  to  design  a  recording  volt  and  ampere-meter  for  such 
uses  The  great  object  with  all  these  instruments  is  to  avoid 
friction.  The  use  of  a  pen  or  pencil  is  Bot  feasible ;  and  after 
talking  with  a  good  many  station  managers  I  gave  up  the  idea 
that  is  used  in  this  meter — that  of  photographing  the  record. 
The  station  managers  or  the  superintendent  would  not  bother  ta 
develop  the  slip.  They  want  something  that  is  in  ink  or  pencil 
like  the  steam  engine  indicators,  something  that  they  do  not  have 
to  bother  with  aiterwards.  And  after  working  on  this  matter 
sometime  I  hit  upon  the  plan  of  running  the  paper  over  the  face 
of  a  magnet.  The  pencil  or  pricking  point  has  a  small  mass  of 
iron  on  it.  By  clockwork  the  circuit  of  this  magnet  under  the 
paper  was  closed  at  every  five  seconds,  I  think,  and  the  pencil 
was  in  that  way  brought  down  on  the  paper.  The  magnet  was 
of  a  sufficient  size,  so  that  the  field  was  practically  uniform 
within  the  range  of  the  movements  of  tlie  small  armature.  I 
attempted  to  get  a  patent  on  it,  but  I  found  that  Mr.  Cuttriss 
had  patented  almost  the  identical  thing  for  a  siphon  recorder. 
That  of  course,  produces  a  series  of  dots.  By  mating  the  inter- 
vals of  striking  sufficiently  close  together  you  practically  get  a 
line.  So  far  as  I  know  there  is  nothing  of  a  practical  nature  of 
this  sort  in  the  market  at  present,  although  the  need  is  felt  by 
station  managers.  The  question  of  friction  is  the  great  item, 
especially  on  the  voltmeters.  Of  course,  the  pap^r  in  the  me^i-p 
need  not  be  wider  than  a  ticker  tape  on  a  zero  instrument,    ^o 
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Mb.  Yan  Tbump  : — I  wonld  say  in  connection  with  the  matter 
of  friction  that  some  years  a^o  in  looking  around  for  just  snch  ah 
instrument — a  recording  voltmeter — ^and  not  being  able  to  find 
snch  an  instrument  for  our  station  in  Wihnington,  we  thought 
that  the  best  plan  was  to  have  one  made,  and  we  have  done  86 
On  the  Cardew  plan  having  three  wires.  In  that  way  you  have 
plenty  of  power  to  drive  your  pencil  and  we  have  tnree  wires, 
one  for  each  side  on  the  Edison  system  and  one  for  the  zero.  Of 
course,  such  an  instrument  does  not  give  absolute  values,  but  it 
points  out  fluctuations  in  electrical  pressure  and  may  suggest 
a  remedy. 

Mb.  Edwabd  Wbston  : — I  was  particularly  struck  by  one  re- 
mark in  regard  to  the  Thomson  watt-meter,  which  I  think  gives 
rise  to  some  misunderstanding  of  the  operation  of  the  device. 
It  seems  to  me  impossible  for  a  Thomson  watt-meter  to  ran 
unless  current  is  passing  through  the  main  coil  spring.  It  seems 
to  be  utterly  impossible  that  any  action  of  the  retarding  mechan- 
ism would  take  place  on  the  armature  to  produce  motion  of  the 
armature  by  simply  the  shunt  coil  and  if  such  a  thing  did  arise 
I  should  attribute  it  to  something  totally  different  and  not  to  the 
permanent  magnets  in  that  instrument.  It  would  indicate  that 
insulation  of  the  spring  in  which  that  armature  was  placed  shotild 
be  looked  after.  If  the  current  was  flowing  through  the  meter 
which  should  not  flow  there,  there  was  some  very  bad  work 
somewhere  in  that  installation  The  form  of  meter  having  the 
dial  seems  to  me  to  have  a  great  many  very  marked  advantages 
over  any  other  type  of  meter  known.  In  the  first  pljtce,  the 
public  are  more  or  less  acquainted  with  the  gas  meter  A  ^eat 
many  of  them  understand  reading  it.  It  is  there ;  a  fixed  thing 
from  month  to  month.  You  can  make  note  of  the  changes  on 
the  dial  and  have  a  check  upon  the  gas  company,  assuming,  of 
course,  that  the  meter  is  moderately  correct.  On  the  other  hand 
a  system  of  metering  which  does  not  enable  the  consumer  to 
check  the  results,  to  check  the  consumption,  seems  to  me  to  be 
open  at  least  to  some  objection,  and  possibly  considerable  objec- 
tion and  suspicion  on  the  part  of  the  consumer.  Hence  you  can 
readily  understand  why  so  much  time  has  been  spent  in  endear 
voring  to  bring  that  type  of  meter  closely  approaching  the  gas 
meter,  to  the  state  of  perfection  to  which  it  nas  been  brought 
to-day.  The  type  of  meter  before  us  to-day  has  certain  excellent 
features  and  is  certainly  a  very  ingenious  piece  of  mechanism 
and  I  have  no  doubt  will  recordf  quite  accurately.  It  is  free  from 
a  great  many  diflBculties  and  defects  where  recording  is  accom- 
plished by  mechanical  means.  The  recording  mechanism  does 
not  induce  any  friction  But  it  has,  of  course,  the  disadvantage 
that  the  record  has  to  be  taken  back  to  the  station  house  and  de- 
veloped. It  is  true  that  that  record  can  be  i)roduced  at  anytime 
for  inspection  of  the  consumer  in  case  of  dispute ;  so  it  might 
be  said  to  be  proof  positive  of  the  correctness  9|itti«Eb|H!J^!«&4fir>§d. 
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Bat  it  seems  to  me  that  it  would  never  be  accepted  with  the  same 
degree  of  confidence  that  it  would  if  the  consumer  could  make 
these  calculations  and  did  make  them  himself  and  thus  kept  a 
real  check  on  the  meter.  It  has  to  go  out  of  his  hands  to  be 
developed  and  unless  he  has  a  person  to  see  that  it  is  developed 
he  might  readily  charge  fraud  on  the  part  of  the  supplying  com- 
pany. The  public  are  somewhat  tender  on  this  question  of 
meters  anyhow.  They  unjustly,  I  think,  blame  meters  for  things 
that  do  not  exist,  or  only  exist  m  their  own  imagination.  In  the 
fs^  business  that  is  exactly  the  same,  The  gas  meter  is  not  an 
mstrument  of  absolute  precision,  but  it  is  a  good  practical  instru- 
mant.  Any  one  who  has  investigated  it  will  admit  that  it  is  a 
very  reliable  thing  indeed,  if  kept  in  repair.  It  does  not  need 
very  much  time  to  keep  it  in  repair,  or  very  much  attention. 
Ancl  if  electric  meters  could  be  brought  to  about  the  same  state 
of  eficlency  that  gas  meters  are — ^and  I  think  they  have  already 
reached  that  srage,  and  even  excelled  that — it  is  suflScient  for  the 
requirements  of  the  art.  1  have  entirely  forgotten  the  patent  to 
which  Mr.  Walker  referred  a  little  while  ago,  as  bearing  upon 
the  same  form  of  meter  that  Prof.  Thomson  has  invented  and 
therefore  I  cannot  sneak  with  any  confidence  about  the  nature  of 
the  device  I  used  tnere.  But  I  have  liad  occasion  to  examine 
the  Thomson  meter,  and  I  will  say  this,  that  i  never  got  such 
results  as  Thomson  did,  and  I  am  inclined  to  give  nim  the 
most  credit  for  working  out  the  details  of  the  appliances  and 
getting  it  to  the  state  of  perfection  that  he  has  brought  it  to.  It 
means  a  great  deal  of  close  study  to  bring  appliances  of  that 
kind  to  a  condition  where  they  can  be  used  practically  and 
trusted  perfectly,  and  while  someone  else  may  have  got  an  idea 
too,  let  us  give  the  man  who  has  brought  the  thing  to  a  state  of 
perfection,  credit  for  that.  The  objection  to  the  clockwork  meter 
IS,  of  course,  its  first  cost.  The  most  accurate  meter  I  have  ever 
seen  in  my  life  was  the  Aron  meter,  but  it  requires  a  little  more 
skill  than  we  generally  mret  with  to  set  it  up,  and  it  requires 
considerable  skill  to  adjust  it  so  as  to  get  it  to  yield  good  results. 
It  will  yield  admirable  results  if  hanoled  right — better  than  any 
I  have  ever  seen.  ' 

There  has  been  some  discussion  about  voltmeters,  and  that  iu- 
^-oduces  a  subject  which  is  somewhat  interesting  to  the  members 
here.  It  is  generally  supposed  that  in  recording  voltmeters 
friction  would  be  the  principal  source  of  error.  Now  that  is  not 
so.  I  think  that  you  can  get  the  recording  measurement  so  per- 
fect and  so  simple  in  character  that  you  may  say  that  yon  can 
practically  eliminate  friction  from  that  part  of  the  apparatus. 
The  temperature  changes  are  very  frequently  overlooked  and 
they  usually  amount  to  a  very  large  sum  indeed.  I'hey  can 
be  compensated  for  to  a  certain  extent,  and  possibly  as  we  gain 
more  experience,  perfectly  so.  But  there  is  a  good  deal  of  mis- 
conception about  that  question  of  compensation  of  instruments!^ 
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A  short  time  ago  I  devised  a  little  apparatus  for  compensatiiiK 
for  change  in  temperature,  which  consisted  substantially  in  a 
little  thermometer,  the  bulb  of  which  extended  over  on  to  the 
coil  of  the  instrument  so  as  to  indicate  the  temperature  of  tlie 
coil.  The  thermometer  bulb  is  supposed  to  be  small  and  the  in- 
strument as  actually  made  was  not  as  small  as  it  should  be,  and 
it  responded  very  readily  to  slight  changes  in  the  temperature  of 
the  coil.  You  could  r^  the  thermometer  from  the  outside  of 
the  instrument  and  to  avoid  any  computations  I  put  on  a  little 
device  by  which  you  could  turn  an  index  around  to  a  point  cor- 
responding with  the  temperature  indicated  on  the  thermometer; 
that  is  to  say  if  the  thermometer  showed  76  degrees,  then  you 
would  turn  the  indicator  around  to  a  point  indicating  75,  and  you 
compensated  without  any  calculation  whatever.  I  was  somewhat 
surprised,  however,  by  the  publication  of  the  thing — it  got  into 
the  journals  before  1  was  readv  to  have  it  appear.  An  article 
was  printed  in  one  of  the  ffnglish  journals,  I  think  it  was 
the  London  Electrician^  saying  that  such  a  thing  as  that 
was  of  no  use ;  it  was  easv  to  compensate  an  instrument  without 
any  such  thing  as  that.    !Now  the  writer  of  that  article  had  not 

fiven  as  much  thought  to  it  as  he  ought  to  have  done.  If  he  had 
e  would  not  have  expressed  such  things  as  he  did  in  the  article. 
I  did  not  take  any  notice  of  it.  Well,  it  overlooked  one  impor- 
tant thing — that  you  might  compensate  for  air  changes  quite 
readily  and  yet  not  compensate  tor  changes  producea  by  the 
heating  effect.  Now  to  get  an  instrument  properly  compensated 
you  must  compensate  for  both  things—changes  in  the  instrument 
itself  due  to  the  changes  in  the  atmosphere,  and  changes  in  the 
temperature  due  to  the  actual  passage  of  the  current.  When 
you  have  got  a  device  that  will  accomplish  that,  then,  of  course, 
you  do  not  need  any  mechanical  device  to  switch  into  a  certain 
fixed  point.  It  just  happened  that  at  that  time  I  did  not  have  a 
device  of  a  character  which  I  could  put  in  a  satisfactory  foim. 
I  think  now  I  can  do  it.  It  frequently  happens  that  criticisms 
and  remarks  are  made  about  the  operation  of  an  apparatus  which 
are  wholly  unjustified  and  untenable  upon  a  close  study  and  ex- 
amination of  tne  things  themselves.  I  think  this  same  is  true  of 
the  Thomson  watt-meter.     I  have  had  occasion  to  listen  to  a 

food  deal  of  talk  about  the  Thomson  watt-meter.  Some  of  it 
as  been  of  pretty  severe  character  too.  and  the  instrument  has 
been  severely  criticised.  Now  I  do  not  think  the  instrument 
was  so  much  to  blame  as  the  parties  who  were  using  it.  I  am 
frank  to  say  the  examination  indicates  that  no  such  errors  as  they 

?>eak  of  come  into  that  instrument  unless  they  abuse  it.     In  the 
homson  instrument  I  do  not  think  the  proportions  are  the  best 
imaginable,  to  get  the  very  best  results.     But  I  think  it  is  only  a 

Question  of  time  when  they  will  make  quite  important  changes  in 
etail  which  will  make  it  far  better  than  it  is  to-day.     One  criti- 
cism I  should  make  of  it  is,  that  the  movij;ij2ePi^N^^S*^sSC^e- 
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what  heavy  and  they  Bhould  be  reduced  in  weight  as  much  as 
possible.  That  can  be  done  by  the  substitution  of  aluminium 
tor  copper  in  the  retarding  device,  that  is  on  the  disc.  The 
form  of  retarding  device  mi^lit  be  changed.  Instead  of  adopt- 
ing a  disc,  a  cylinder  miglit  be  used  running  between  the 
poles  of  a  powerful  magnet  and  you  might  get  exactly  the 
same  retarding  effect  by  bringing  the  poles  verv  close  together, 
having  a  central  core,  and  there  reduce  the  weight  very  much. 
1  should  be  very  much  afraid  of  errors  creeping  in  from  the 
mass  of  matter  to  be  acted  on  there  by  the  current,  especially 
with  low  loads.  I  should  not  think  much  of  it  with  heavy  loads ; 
I  thiuk  there  you  would  have  powe^  enough  to  overcome  it. 
But  with  small  loads  and  but  three  or  four  lamps,  I  should  be 
afraid  that  the  friction  on  the  pivot  would  not  be  a  constant 
element  but  would  be  quite  variable  in  use.  I  do  not  think  that 
is  anything  against  the  instrument,  because  I  think  it  can  be 
entirely  overcome. 

The  Thomson  instrument,  of  course,  has  the  advantage  that  it 
can  be  used  for  either  alternating  or  direct  currents.  Now,  so 
far  as  I  remember  it,  no  instrument  that  I  had  anything  to  do 
with  in  my  earlier  work  on  meters  was  capable  of  those  applica- 
tions Thev  could  only  be  used  for  a  direct  purpose.  I  do  not 
remember  doing  anything  in  that  line  where  tne  meter  produced 
would  be  available  for  both  purposes. 

Prof.  Thomson: — It  seems  perhaps  that  I  should  make  a  few 
remarks.  I  think  Mr.  Weston  has  shown  by  his  remarks  that  he 
has  spent  a  good  deal  of  thought  on  this  very  problem  and  under- 
stands the  conditions  most  fully.  It  is  not  an  easy  thing,  and  I 
can  say  it  after  considerable  experience,  to  get  commercial 
results  such  as  we  may  get  in  laboratory  testing,  x  ou  may  make  a 
laboratory  apparatus  and  produce  it  as  perfectly  as  possible  and 

Eut  it  out  into  commercial  use  and  you  will  find  difficulties.  I 
ave  frequently  had  that  experience,  and  that  experience  has 
come  to  me  more  forcibly  perhaps  on  the  meter  question  than 
on  any  other.  It  is  not  until  you  have  had  commercial  experi- 
ence that  you  can  make  those  little  refinements  which  are  then 
shown  to  be  absolutely  necessary. 

Mr.  Weston  has  said  very  truly  that  the  weight  of  the  parts  in 
the  meter  as  constructed  by  us  has  been  rather  excessive.  We  are 
using  every  effort  to  reduce  it.  We  are  using  much  lighter  discs 
and  getting  as  strong  as  possible  a  field  for  it  to  move  m,  that  is, 
the  retarding  disc. 

There  are  a  good  many  points  which  cannot  be  brought  up  in 
this  discussion  ;  but  I  do  not  know  that  they  are  important  to 
discuss  at  this  present  time.  Experience,  of  course,  will  tell  the 
story  in  the  end.  There  is  just  one  point  I  wish  to  make  before  clos- 
ing my  remarks,  and  it  is,  that  it  is  not  the  case  of  getting  a  meter 
tibat  will  meter,  but  it  is  the  case  of  making  such  a  thing  that  you 
can  put  in  for  the  price.     It  is  the  case  of  making  a  tning  that 
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we  can  put  on  the  market  which  will  not  cost  too  much.  You 
may  have  a  very  fine  mechanism  ;  yon  may  have  an  excellent 
device  for  the  purpose,  but  if  it  costs  $50  nobody  will  take  it. 
You  must  be  able  to  make  it  for  $7  or  $8.  I  hope  to  be  able  some 
day  to  miake  a  good  meter  for  three  or  four  dollars.  [Applause.] 
I  do  not  know  that  I  shall  succeed — do  not  applaud  yet.  But 
when  we  have  done  that,  I  shall  consider  that  the  meter  question 
is  probably  laid  aside.  But  it  is  one  of  those  questions  tnat  has 
been  with  me  for  a  long  time,  and  I  have  had  no  problem  that 
has  demanded  more  time,  care  and  attention  than  that  very  prob- 
lem. I  would  much  prefer  to  design  a  thousand  horse  power 
dynamo  and  see  it  through  than  to  see  a  meter  through  any  day, 
where  you  are  obliged  to  have  a  sensitiveness  to  extremely 
small  currents  and  also  a  sensitiveness  to  large  currents.  The 
eflfects  of  those  currents  tending  to  increase  as  the  squares  or  in 
some  such  proportion,  our  elements  of  friction  of  course  become 
excessive  when  we  get  down  to  the  small  currents  and  are 
practically  eliminated  with  the  larger  currents.  Our  object  then 
was  to  get  proportionality  between  the  various  currents  in  their 
effects  and  secure  for  the  meter  as  great  sensitiveness  as  possible 
for  the  lighter  loads.  Having  secured  that,  the  rest  is  not  so 
difficult.  Of  course,  we  are  still  working  at  the  problem.  We 
have  gone  through  thousands  of  experiments  and  thousands  of 
tests  on  this  very  question  and  we  never  know  just  exactly  when 
we  are  out  of  the  woods. 

Mb.  Ma.illoux  : — I  want  to  add  a  little  bit  of  experience  in 
relation  to  meters,  which  goes  to  show  that  while  a  dial  meter 
may  be  very  easy  to  read,  it  is  not  always  satisfactory  to  the  pro- 
ducer. Rather  an  anomalous  case  came  under  my  observation. 
I  put  in  a  plant  up  town,  in  an  apartment  house,  where  the 
tenants  wanted  to  pay  for  their  light  by  meter.  They  did  not 
•care  to  pay  for  it  m  their  rent.  It  was  a  large  apartment 
house,  consisting  of  twenty  odd  suites  of  apartments.  Some 
of  the  tenants  maintained  that  as  they  were  in  Europe  or 
elsewhere  half  the  time,  they  did  not  care  to  pay  for  electricity 
that  they  were  not  using.  Consequently,  the  only  recourse  was 
to  put  in  meters.  These  were  put  into  the  air  shaft  usually,  or 
the  nearest  place  to  the  various  suites  of  apartments  so  as  to  nave 
them  as  much  out  of  sight  as  possible.  They  were  clockwork 
meers,  differential  clockwork  meters  of  the  type  which  has  been 
described  here  and  referred  to  in  connection  with  this  paper. 
There  is  much  building  going  on  in  that  up-town  district,  and 
after  a  time  they  began  to  excavate  and  blast  in  the  immediate 
neighborhood.  When  the  en^neer  called  around  to  take  the 
meter  he  found  that  he  was  owing  the  customers  for  electricity 
instead  of  their  owing  him.  In  other  words,  the  meter  was 
going  backwards  and  he  found  that  not  only  had  the  previous 
recora  been  obliterated,  but  that  he  was  actually  owing  more 
than  he  had  ever  had.     Upon  an  inye8tigat^|[.^^f  ^  ^A^I^Pge 


870  WALKER  ON  BLBCTRIO  MBTER8.  [May  81, 

phenomaaa  we  foand  that  one  of  the  two  docks  had  stopped  and 
it  happened  to  be  the  wrong  clock.  If  it  had  been  the  other  the 
cQstomer  would  have  owed  the  company  several  times  more  than 
he  had  used.  As  it  was,  the  company  was  literally  owing  the 
tenant  for  electricity.  The  experience  was  repeated  several  times 
and  it  was  found  that  we  had  practically  to  abandon  the  meter, 
because  it  was  so  unreliable.  In  some  other  instances  it  did 
actually  happen  that  the  other  clock  stopped  and  it  would  charge 
more  in  a  month  than  could  be  consumed  in  a  year.  So  we  had 
to  go  b^  average  and  guess  work,  and  it  was  almost  as  easy  to 
guess  without  the  meter  as  with  it.  I  have  recently  put  in  a 
Thomson  meter,  which,  as  far  as  I  can  see,  gives  perfect  satisfac- 
tion. Of  course,  I  can  see  that  since  the  meter  is  really  a  motor 
which  has  got  a  sort  of  Prony  brake  to  it,  the  coefficient  of  friction 
is  likely  to  vary  a  little  and  that  it  may  not  be  so  accurate  on  light 
loads ;  but  I  consider  that  when  it  approximates  anywhere  near 
60  or  75  per  cent,  of  its  capacity  it  would  be  practically  correct 
under  all  circumstances.  I  do  not  see  why  it  should  not  be 
correct. 

Prop.  Thomson  :  —There  is  just  one  remark  I  intended  to 
make  when  I  was  up  before,  and  that  is  in  explanation  of  the 
statement  that  the  meter  has  been  known  to  turn  without  load. 
That  is  true.  The  meter  was  originally  developed  for  alternating 
currents  and  was  used  for  alternating  currents  for  a  long  while, 
the  demand  being  in  that  direction ;  and  when  it  was  put  upon 
continuous  currents  it  did  turn  and  keep  turning  sometimes  in 
one  direction,  sometimes  in  the  other  direction,  when  there  was 
no  load.  The  side  frames  were  made  of  CAst  iron  and  while 
underload  with  continuous  currents,  they  would  get  permanently 
magnetized  with  two  poles  opposite  the  armature.  Of  course  the 
field  is  exceedingly  weak,  must  have  been  exceedingly  weak,  but 
it  was  sufficient  to  cause  rotation  of  the  armature.  It  shows  how 
little  force  was  needed  to  rotate  the  armature,  the  armature  being 
2^  inches  in  diameter  and  the  frames  about  8  inches  apart.  That 
however,  is  eliminated  by  making  the  frames  of  brass  instead  of 
cast  iron. 

Peof.  Anthony: — I  would  like  to  inquire  of  Prof.  Thomson  if 
the  meter  would  not  run  in  the  earth's  magnetic  field. 

Prof.  Thomson: — We  have  got  certain  indications  of  that. 
We  have  thought  sometimes  that  it  had  a  tendency  to  turn,  but 
the  coefficient  of  friction  is  fortunately  generally  large  enough  to 
prevent  that. 

Prof.  Anthony  : — I  had  a  little  experience  with  one  of  the 
meters,  and  I  never  tested  it  for  that,  but  I  know  that  the  two  main 
coils  were  connected  in  the  armature  circuit  so  that  there  was  a 
little  tendency  to  run  any  way.  Of  course  the  idea  was  to  over- 
come the  friction  and  I  set  it  up  in  such  a  position  that  theearth'8 
horiz3ntal  linas  of  force  were  m  the  same  direction  as  the  lines  of 
force  developed  by  the  main  coils  and  tlie  meter  continued  to  run 
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when  there  was  no  cnrrent  in  the  main  wires,  except  the  small 
current  that  went  through  the  armature.  I  had  always  in  mind 
to  take  the  meter  and  turn  it  around  the  other  way,  so  that  the 
earth's  magnetic  field  would  go  in  the  opposite  direction  and  see 
what  effect  it  had, 

Prof.  Thomson  : — ^If  the  meter  was  set  east  and  west  it  would 
obviate  the  difficulty.  By  the  way,  it  is  true  that  with  the  very 
largest  capacity  meters,  the  shunt  is  beyond  the  main  coils  so  that 
the  shunt  current  through  the  armature  goes  through  the  main 
coil,  and  the  purpose  of  that  is,  of  course,  to  make  the  co-efficient 
of  friction  disappear,  as  far  as  possible.  This  in  the  instances  in 
which  the  meter  works  at  very  high  loads,  and  also  (is  to)  be  sensi- 
tive to  the  lowest  load. 

Mr.  Walker: — I  would  like  to  say,  in  reply  to  Mr,  Weston's 
remarks,  that  although  I  fully  realize  the  desirability  of  having 
a  satisfactory  dial  meter  1  fail  to  see  how  the  customer  is  to  be 
convinced  of  the  correctness  of  its  operation.  I  do  not  see,  for 
example,  how  the  customer  will  very  readily  tmderstand  what 
25,000  watt  hours  mean,  or  what  we  would  understand  by  a  cer- 
tain number  of  milligrammes  of  deposit  on  the  electrode.  On 
the  contrary,  he  can  quite  readily  understand  a  diagram  chart  such 
as  is  made  by  the  meter  before  us.  If  you  will  place  the  Walker 
meter  on  a  110  volt  circuit  each  16  candle  power  lamp  will  take 
in  the  neighborhood  of  half  an  ampere ;  consequently,  if  the 
record  should  show  that  10  amperes,  for  example,  were  consumed, 
say  for  five  or  ten  hours,  why  it  could  be  very  readily  explained 
to  the  consumer  that  he  had  been  burning  20  lamps  for  five  or 
ten  hours.  As  I  stated  in  my  paper  the  manner  in  which  the  result 
is  attained  is  so  readily  explamed  to  the  customer  that  I  do  not 
see  why  he  should  not  unclerstand  it. 

Now,  as  to  my  remarks  on  the  Thomson  watt-meter,  I  merely 
wish  to  add  that  I  have  endeavored  to  state  facts  concerning  thi& 
meter,  based  upon  personal  experience  in  operating  the 
same.  I  will  be  frank  to  say  that  I  have  one  of  their  early 
meters  in  use,  and  probably  the  results  obtained  therefrom  are  not 
as  satisfactory  as  from  those  now  manufactured.  In  looking  at 
some  meters  in  operation  at  the  Providence  convention,  which 
were  of  the  most  approved  pattern  having  brass  frame  instead 
of  iron,  I  found  the  tendency  to  operate  after  the  load  had  been 
turned  off,  was  still  prevalent. 

Mr.  BiRDSALL : — Mr.  Walker  says  that  he  thinks  the  customer 
would  not  care  much  what  the  record  was,  as  long  as  it  was  ex- 
plained to  him,  or  that  he  would  not  know  what  watts  meant, 
etc.  That  is  all  very  true.  But  I  have  had  experience  with  the 
"  dear  public,"  so  to  speak,  in  connection  with  a  chemical  meter 
and  the  great  cry  always  was  when  there  was  a  dispute  about  the 
bill,  that  the  thing  had  no  dial  on  it— no  figures — that  those 
little  bottles  did  not  show  them  anything  and  when  you  branched 
out  into  the  number  of  milligrammes  of  zinc  <JjB{)o§^t  ^^^^JflTf^^v 
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why  you  generally  talked  alone.  I  do  not  think  it  matters  what 
the  dial  registers,  so  long  as  jou  have  a  dial.  [Laughter.]  The 
customer  does  not  care  whether  it  is  lamp  hours  or  watts  or  horse 
power.  The  mere  fact  that  he  has  a  number — that  he  has  75  of 
something,  is  all  that  is  necessary.  He  knows  he  pays  so  manj 
dollars  for  so  many  things,  and  he  is  willing  to  pay  the  money 
as  long  as  he  is  pretty  positive  that  he  gets  them.  The  accuracy 
of  the  meter  I  ao  not  tnink  is  such  an  awful  thing  to  strive  after, 
because  if  the  dial  says  75  and  the  man  burns  60  he  will  pav  for 
the  75. 

Mb.  E.  W.  Rice,  Jr  : — Before  this  discussion  is  closed  I  think 
it  is  proper  to  remark  that  even  in  cases  where  the  Thomson 
meter  has  been  found  to  register  current  passing  through  the 
meter  the  rate  of  such  registry  is  exceedingly  small.  I  do  not 
think  it  exceeds  (1-18)  one-eighteenth  of  one  lamp  per  hour  so  it 
would  take  a  long  time  to  run  up  a  large  bill  against  the  customer. 

In  regard  to  Mr.  Walker's  remarks  in  reference  to  the  dial, 
the  last  speaker  has  stated  what  I  had  in  mind  so  fully  that  I  do 
not  know  that  I  could  add  anything  to  it.  I  have  one  of  the 
Thomson  meters  in  my  house  and  it  is  quite  a  convenience  to  be 
able  to  read  the  dial  and  find  out  how  many  watt  hours  I  have 
burned  in  one  week,  and  caution  people  in  the  house  not  to  leave 
the  lamps  burning  in  the  garret  and  cellar. 

In  reference  to  the  fact  that  a  customer  would  not  know  what 
a  watt  hour  is,  I  think  it  is  also  equally  true  that  the  average 
customer  has  no  idea  what  a  cubic  foot  of  gas  means,  that  is,  I 
do  not  think  that  the  average  customer  knows  that  a  gas  burner 
consumes  say  five  or  six  cubic  feet  of  gas  per  hour.  He  knows 
that  he  pays  one  dollar  and  a  half  or"  two  dollars  per  thousand 
cubic  feet.  Now  that  is  exactly  the  case  with  the  Thomson  watt- 
meter. The  register  reads  watt  liours.  The  price  is  so  much  a 
thousand  watt  hours.  Now  it  curiously  happens,  as  first  noticed 
I  believe  by  the  speaker,  that  one  thousand  watt  hours  in  a  lamp 
of  the  usual  eflSiciency  will  give  about  one-tenth  the  amount  of 
light  given  by  one  thousand  cubic  feet  of  gas,  so  that  the  custo- 
mer, to  be  on  an  equal  basis,  can  be  charged  one-tenth  the  amount 
for  one  thousand  watt  hours  as  is  charged  for  gas  per  thousand 
cubic  feet.  That  is,  a  tliousand  watt  hours  is  roughly  equivalent 
to  one  hundred  cubic  feet  of  gas.  So  we  s  \y  twenty  cents  a 
thousand  for  electricity  is  the  same  as  gas  at  |2.0i)  a  thousand. 

The  customer  likes  it  because  it  seems  more  natural  to  pay  by 
the  thousand,  and  electricity  at  eighteen  or  twenty  cents,  appears 
cheaper  even  if  it  is  the  same,  as  gas  is  one  dollar  eighty,  or  two 
dollars. 

Mr.  Weston  : — I  would  like  to  explain  a  remark  I  made  some 
time  ago.  I  questioned  the  fact  of  the  Thomson  meter  running 
under  low  current  through  the  main  coil.  I  had  had  no  experi- 
ence with  the  iron  frame  meter.  I  did  not  know  they  had  an 
iron  frame.     If  I  had  known  it  I  should  not  have  made  the  re- 
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mark.  As  to  the  question  of  the  meter  revolying  in  the  earth's 
field,  1  think  it  would  be  a  nice  thing  to  get  the  raet^r  to  run  in 
the  earth's  field. 

Prof.  Thomson  made  some  remarks  about  the  cost.  Now,  I 
think  he  is  wrong.  I  should  take  issue  with  him  on  that.  I 
think  that  the  best  thing  electrical  engineers  can  do  in  this  state 
of  the  business  is  to  produce  the  very  best  thing  that  they  know 
how,  and  trust  to  the  future  for  returns.  It  is  true  that  one 
compam^  starts  in  and  puts  a  meter  on  the  market  at  say  $20  or 
$18.  That  meter  may  be  good  or  it  may  not  be  very  good  ;  but 
I  think  .that  it  is  not  very  good  ;  that  the  man  who  follows  along 
and  tries  to  get  up  a  meter  should  make  a  very  much  better 
meter  and  get  a  price  appropriate  to  the  superiority  of  the  instru- 
ment. I  think  tnat  question  of  low  cost  plants  and  apparatus  in 
electric  lighting  means  in  the  end  very  high  cost.  Many  people 
have  paid  a  good  deal  of  money  for  that  kind  of  experience. 
Cheap  engines,  clieap  boilers,  cheap  wiring — everything  cheap, 
means  in  the  end  everything  very  dear.  Ifow,  you  see  what  the 
effect  of  it  is.  All  through  this  country  stations  are  being  re- 
modelled to  get  in  the  very  best  appliances — triple-expansion 
engines — the  maximum  economy  in  everv  direction  consistent 
with  good  work  ;  and  the  meter  I  think  should  be  given  iust  as 
much  consideration  as  the  rest  of  the  plant.  Do  not  malce  the 
cost  so  that  you  can  not  make  the  meter  really  fine  and  good.  I 
would  of  course  increase  the  cost  of  the  meter  and  put  better 
work  in  it,  and  make  the  best  I  could. 

Prof.  Thomson  : — I  would  say  that  I  agree  most  fully  with 
Mr.  Weston  in  regard  to  this  matter.  Those  are  the  sentiments 
under  which  I  have  worked,  but  when  I  make  that  argument  to 
the  Boston  office  of  our  company,  the  answer  is,  ves,  and  so  and 
so  sells  a  meter  for  so  and  so,  and  by  the  way  his  has  a  dial  on  it. 
Laughter.]  We  must  do  something  about  as  well,  even  if  we 
lave  to  sacrifice  something  in  the  perfection  of  the  meter.  I 
lold  just  as  Mr.  Weston  does  that  you  cannot  do  the  thing  too 
well.  It  is  a  nice  problem  anyhow.  It  is  a  delicate  affair  at  the 
best  and  you  cannot  get  the  meter  too  good.  You  must  look  to 
cheapening  afterward.  But  that  is  an  argument  which  the  bus- 
iness managers  fail  to  see,  and  particularly  I  am  afraid  that  those 
in  charge  oi  stations  who  have  to  buy  meters  perhaps  fail  to  see 
it  still  more.  That  is  they  have  not  that  high  sense  of  justice  in 
regard  to  the  meter.  They  want  something  that  they  can  put 
out  to  satisfy  the  customer  that  it  has  got  a  dial,  and  then  bring 
in  a  bill,  and  if  it  costs  seven  or  eight  dollars  and  they  put  that 
kind  in  and  it  can  be  read  every  now  and  then  and  a  bill  calcul- 
ated it  is  all  right  so  far  as  they  are  concerned.  Just  as  in  the 
case  of  engines  and  other  appliances  which  are  now  being  re- 
modelled, if  they  do  have  these  imperfect  things  the  day  will 
came  when  they  will  have  to  buy  them  over  Ugain  and  pay  a 
good  price. 
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There  is  one  other  point.  I  would  say  here  that,  of  course,  in 
an  electric  meter  we  measure  electricity,  or  at  least  we  measui'e 
the  volts  and  the  amperes.  In  the  gas  meter  it  is  different.  We 
measure  whatever  comes  through,  whether  it  is  air  or  gas.  But 
we  cannot  adulterate  our  electricity.     [Applause.] 

The  Chaibman  : — As  the  time  is  limited,  and  the  programme 
still  quite  extensive,  we  had  better  pass  to  the  next  paper  which 
was  left  over  from  this  morning's  session.  It  is  upon  a  subject  of 
great  importance,  but  which  has  never  been  touched  upon  oefore 
to*dav,  and  a  matter  which  is  interesting  in  being  unioue  and 
deculiar,  and  that  is  "  A  Study  of  the  Fluctuations  of  Electro- 
motive Force  in  the  Open  Coil  Armature  of  a  Constant  Current 
Machine,"  by  Mr.  M.  E.  Thompson  of  Cornell  University. 

Mr.  Thompson  then  read  the  following : 
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A  STUDY  OF  AN  OPEN  COIL  AEG  DYNAMO. 


BY    MILTON    E     THOMPSON. 

Of  all  the  dynamo  machines  in  use  at  the  present  day,  perhaps 
the  internal  action  of  none  is  so  little  understood  as  that  of  the 
arc  lighting  machines  of  the  open  coil  armature  class.  Much  con- 
cerning tlie  regulation  and  general  behavior  of  these  machines 
seems  utterly  at  variance  with  what  one  would  naturally  expect 
from  a  superficial  examination  of  the  design  and  construction, 
and  it  was  with  the  idea  of  throwing  some  light  on  this  seeming 
mystery  that  the  investigation  to  be  described  was  undertaken. 
In  carrying  out  this  work  no  attempt  has  been  made  to  determine 
the  eflSciency  of  the  dynamo,  or  to  determine  an  answer  to  the 
question — Is  the  machine  well  suited  for  arc  lighting  ?  The  vast 
numbers  of  these  dynamos  in  daily  use  in  all  parts  of  the  world 
is  a  practical  answer  which  must  carry  more  weight  than  any 
which  might  be  suggested  by  a  theoretical  study  of  the  machine. 
The  experimental  work  of  this  investigation  was  carried  out  un- 
der the  direction  of  Professor  Nichols  in  the  laboratories  of 
Cornell  University,  during  the  past  winter,  by  the  writer,  with 
the  assistance  of  Mr.  II.  J.  Hotchkissand  Mr.  E.  L.  Morley,  and 
due  credit  must  be  given  to  these  gentlemen  for  any  points  of 
interest  which  may  have  been  brought  out  by  the  investigation. 

The  object  in  view  was  to  determine  accurately,  by  taking  in- 
stantaneous values  throughout  the  revolution,  the  character  of  the 
external  and  internal  currents  and  electromotive  forces. 

The  capacity  of  the  dynamo  in  question  was  about  ten  arc 
lamps  of  1,200  c.  p. 

In  order  to  carry  out  this  work  it  was  necessary  to  build  a 
special  commutating  device  for  taking  instantaneous   values  of 
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current  and  potential.  Professor  Ryan  was  the  first  to  introduce 
this  method  at  Cornell,  which  is  a  modification  of  that  described 
by  Joubert  in  1881,^  and  since  used  by  various  observers  in  al- 
ternate current  work.  The  device  he  used  was  described  at  length 
in  a  paper  read  before  the  Institute'  on  the  17th  of  December, 
1889.  The  device  consisted  essentially  of  a  metal  tongue  mounted 
upon  the  shaft  of  the  dynamo  and  revolving  with  it,  and  making 
contact  once  each  revolution  with  a  small  metal  spring  mounted 
upon  an  arm  whichwas  so  arranged  that  it  could  be  revolved  about 
an  axis  coincident  with  that  of  the  armature  of  the  dynamo  and 
secured  in  any  desired  position.  By  properly  adjusting  the  posi- 
tion of  the  arm  carrying  this  spring,  contact  could  be  made  to  take 
place  between  the  spring  and  the  tongue  at  any  desired  point  of 
the  entire  revolution  of  the  armature. 

Three  sets  of  curves  of  exterior  current  and  potential  were 
taken  with  three  diflferent  loads  upon  the  machine,  and  three  set^* 
of  curves  of  current  and  potential  through  a  single  coil  were  taken 
with  the  same  loads.  In  order  to  keep  the  electromotive  force 
as  nearly  constant  as  possible,  and  prevent  variations  while  a  set 
of  observations  were  being  taken,  the  machine  was  loaded  with  a 
german-silver  resistance.  The  loads  consisted  of  about  20,  50, 
and  80  ohms  respectively,  and  were  equivalent  to  about  three,  six 
and  ten  arc-lamps.  The  current  for  all  loads  was  supposed  to  be 
practically  constant,  and  an  ammeter  placed  in  the  circuit  showed 
but  little  variation  from  the  normal  current  of  6.8  amperes.  A 
condenser  and  ballistic  galvanometer  were  used  for  making  the 
measurements,  and  Fig.  1  shows  a  diagram  of  the  connections  of 
the  dynamo  and  also  of  the  measuring  apparatus.  Referring  to 
the  diagram,  a  is  the  armature,  ff  the  field  coils,  m  the  regulator 
magnet,  c  the  controller  magnet,  and  r  the  carbon  resistance  used 
to  prevent  excessive  sparking  at  the  contacts  Jc  ;  p  is  the  posi- 
tive terminal  of  the  machine  and  n  the  negative,  r  is  the  german 
silver  resistance  which  constituted  the  load  for  the  dynamo,  and 
i  is  a  resistance  of  about  one  ohm  placed  in  the  circuit  to  serve 
as  a  basis  for  the  current  measurements,  ll  and  ss  are  the 
brushes  of  the  dynamo,  which  bear  against  the  three  segments  of 
the  commutator,  as  shown  in  the  diagram ;  d  is  a  condenser,  k  a 
discharging  key,  and  j  a  small  spring  switch ;  g  is  a  ballistic  gal- 
vanometer, through  which  the  condenser  was  discharged,  and  t 

1  Joubert;  Etudes  sur  les  Machines  Magneto-Electriques ;  AnruUes  de 
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is  a  shunt  box  for  regulating  the  throw  of  the  galvanometer  and 
bringing  it  within  proper  limits.  From  the  negative  terminal  of 
the  machine,  n,  runs  a  wire  to  the  com  mutating  device,  c  #,  and 
from  that  to  the  switch,  j.  From  the  positive  terminal,  p,  and 
the  binding  post,  b,  run  wires  to/*  and  g  of  the  switch,/^'/*,  as 
shown.  From  g  of  this  switch  runs  a  wire  to  the  discharging 
key,  K. 
Before  describing  the  methods  of  taking  the  measurements,  it 
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Fig.  1. 


may  be  well  to  review  briefly  the  operation  of  the  dynamo  and 
its  regulation  so  far  as  is  apparent  from  an  outside  view.  The 
current,  leaving  the  armature  through  the  brushes, Land  s, passes 
through  the  left  field  coil  and  thence  through  the  regulator  magnet 
and  controller  magnets  to  the  positive  terminal,  p,  of  the  machine. 
Passing  around  through  the  external  circuit,  in  this  case  the 
resistance,  b,  the  current  retunis  to  the  machine  by  the  negative 
terminal,  n,  passes  through  the  right  field  coil,  f,  and  through 
the  brushes,  l  and  s,  to  the  armature,  thus  completing  the  cir- 
cuit. The  regulation  of  the  machine  is  effected  as  follows  :  The 
controller  magnet  o  is  so  adjusted,  by  means  o;^^  ^izfPfWtJci^iS' 
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current  of  6.8  amperes  will  just  raise  the  cords  of  the  magnets 
and  separate  the  contacts,  k.  This  permits  the  current  to  flow 
through  the  regulator  magnet,  m,  and  raises  the  regulator  arm, 
thereby  sliifting  the  leading  brushes,  l  and  l\  forward,  and  the 
following  brushes,  s  and  s',  backward,  and  thus  reducing  the  poten- 
tial furnished  by  the  machine.  The  current  is,  of  course,  thereby 
diminished,  and  the  cores  of  the  controller  magnet  drop,  closing 
the  contacts,  k,  and  thus  short-circuiting  and  cutting  out  the  reg- 
ulator magnet.  The  regulator  arm  then  falls,  under  the  action 
of  gravity,  and  the  leading  brushes  being  moved  backward  and 
the  following  brushes  forward,  the  potential  is  raised  until  the 
current  increases  suflSciently  to  once  more  open  the  contacts,  k, 
and  again  cut  in  the  magnet  of  the  regulator.  The  controller 
magnet  acts  simply  as  a  relay,  and  is  continually  cutting  the 
regulator  in  and  out  of  the  circuit,  and  in  this  way  tlie  current  is 
maintained  constant,  regardless  of  the  varying  conditions  of  the 
external  circuit. 

During  these  experiments  the  regulator  was  allowed  to  act  just 
as  in  ordinary  practice,  but  each  load  was  constant  and  practically 
non-inductive.  Three  sets  of  curves  of  external  current  and 
potential  were  taken  and  the  measurements  were  made  in  the 
following  manner:  The  commutating  device,  c  s,  being  secured 
in  a  fixed  position,  f  and  g  were  connected.  The  discharging 
key,  K,  being  then  depressed,  switch  j  was  then  closed  and  in  a 
few  seconds  the  condenser  became  charged  with  the  difference  of 
potential  existing  between  the  terminals  of  the  dynamo  at  the 
particular  point  of  the  revolution  of  the  armature  represented  by 
the  position  of  the  commutating  device.  Switch  j  being  then 
opened,  the  discharging  key,  k,  was  allowed  to  rise,  and  the  con- 
denser was  thus  discharged  through  the  galvanometer,  o,  causing 
a  deflection  which  was  duly  noted.  The  connections  of  the 
switch. /(/A.  were  then  changed  so  that  g  and  h  were  joined,  and 
in  this  way  the  condenser  was  charged  with  the  difference  of  po- 
tential existing  between  the  points  b  and  n  of  the  external  circuit, 
at  the  same  point  of  the  revolution  as  the  first  reading.  The  con- 
denser was  then  discharged  through  the  galvanometer  and  the 
deflection  noted  as  before. 

;Vfter  moving  the  contact  spring,  «,  forward  ten  degrees,  the 
measurements  just  described  were  repeated,  and  so  on  until  the 
contact  had  been  moved  entirely  around  the  circle. 

The  condenser  and  galvanometer  being  properly  calibrated,  it 
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was  an  easy  matter  to  calculate  from  the  data  obtained  as  above, 
the  difference  of  potential  between  the  terminals  p  and  n,  and  be- 
tween B  and  N,  at  36  points  of  the  revolution  of  the  armature. 
The  resistance  between  b  and  n  being  known,  the  current  was 
readily  determined  from  tbe  fall  of  potential.  The  results  of 
these  measurements  are  given  in  Table  I  and  are  shown  graphic- 
ally in  Fig  3  and  will  be  referred  to  later. 

After  taking  curves  of  the  exterior  potential  and  current,  the 
apparatus  was  arranged  for  measuring  the  potential  and  current 
in  a  single  coil  of  the  armature.      Coil  number  2  was  selected 
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^8  likely  to  present  results  nearest  the  average  of  all  three  of 
the  coils,  and  the  apparatus  was  arranged  as  shown  in  Fig.  2. 
The  circuit  of  the  dynamo  and  its  loads  were  exactly  as  for  the 
first  measurements,  and  the  connections  of  the  measuring  instru- 
ments were  as  shown  in  the  diagram.  Referring  to  Fig.  2,  a  is 
a  small  brusli  which  bears  against  a  ring  d  secured  to  the  com- 
mutator but  carefully  insulated  from  it.  This  ring  is  connected 
to  the  commutator  bar  of  coil  number  2,  and  thus  gives  metallic 
connection  with  this  bar  at  all  points  of  the  revolution.  A 
:small  brush  h  bears  against  a  similar  rine:  wound   round  the 
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armature  shaft  but  insulated  from  it.  This  last  ring  is  connec- 
ted to  the  three  inner  ends  of  the  three  coils,  and  thus  a  contin- 
uous contact  is  made  with  these  ends.  The  outer  end  of  coil 
number  2  was  disconnected  from  the  commutator  bar  and  a 
small  non-inductive  resistance  e  was  inserted  between  the  end  of 
the  coil  and  the  bar.  The  junction  of  the  coil  and  the  resistance 
e  was  connected  to  the  tongue  c  which  revolved  with  the  arma- 
ture shaft.  Once  during  each  revolution  the  tongue  c  made 
contact  with  the  small  spring  ^,  from  which  a  wire  ran  to  the 
switch  J  and  thence  to  one  terminal  of  the  condenser  d.  Wires 
ran  from  brushes  d^  and  h  .to  the  switch  y^jr  A,  and  from  this 
switch  a  wire  ran  to  the  discharging  key  k,  as  shown  on  the  dia- 
gram. When  g  and  h  were  connected  and  keys  j  and  k  de- 
pressed,  the  condenser  was  charged   with    the   difference  of 


Fig,  3, 
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potential  existing  between  the  ends  of  coil  2  at  the  particular 
point  of  the  revolution  represented  by  the  position  of  the  con- 
tact spring  a.  The  condenser  being  then  discharged  through 
the  galvanometer,  a  measure  of  this  difference  of  potential  was 
thus  obtained.  Switch  f  g  h  was  then  changed  so  that  g  and  h 
were  connected,  and  measurements  then  taken  with  the  con- 
denser and  galvanometer  gave  the  difference  of  potential  be- 
tween the  ends  of  the  non-inductive  resistance  e*,  and  from  this 
the  current  in  coil  2  was  calculated.  Readings  were  taken  in 
this  way  at  distances  of  five  degrees  apart  all  around  the  revolu- 
tion and  the  results  are  given  in  Table  II,  and  are  shown  plotted 
out  in  Figs.  4,  5  and  6,  three  curves  at  three  different  loads  be- 
ing taken  as  before.  It  is  not  the  purpose  of  the  writer  to  go 
into  the  theories  of  cause   and   effect  as   exei^|)jli|j^d^J/(^^ep^ 
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curves,  but  to  simply  present  them,  calling  attention  briefly  to 
some  few  of  the  more  noticeable  and  interesting  features  con- 
nected with  them. 

Turning  now  to  the  results  obtained,  in  Fig.  3,  curve  i  repre- 
sents the  difference  of  potential  at  the  terminals  of  the  dynamo 
throughout  the  revolution  under  a  light  load,  and  curve  iv  is  the 
corresponding  current.  Curve  ii  is  the  potential  for  medium 
load  and  curve  v  the  corresponding  current,  while  curves  iii  and 
VI  represent  the  potential  and  current  at  full  load.  It  will  be 
noticed  that  the  curves  for  medium  and  full  load  are  practically 
alike  while  the  curve  for  light  load  differs  slightly  in  its  charac- 
ter and  is  less  symmetrical,  and  its  minimum  points  occur  slightly 
later  than  in  the  other  curves.  The  curves  of  current  and 
potential  are  practically  alike,  as  might  be  expected  since  the 
self-induction  of  the  external  circuit  was  little  or  nothing.     The 
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curves  are  all  of  them  about  such  as  would  result  from  a  closed 
coil  armature  with  a  six  part  commutator.  It  may  be  well  to 
remark  that  in  taking  the  observations  for  these  curves,  closer 
readings  than  are  shown  were  taken  near  the  minimum  points, 
so  as  to  be  sure  these  points  were  correctly  placed. 

These  curves  show  that  the  external  current  is  continuous  and 
much  steadier  and  more  uniform  than  is  usually  supposed. 

Referring  to  Fig.  4,  we  find  that  the  state  of  affairs  in  a  single 
coil  is  quite  different  from  that  at  the  terminals  of  the  dynamo. 
Curve  I  represents  the  difference  of  potential  at  the  ends  of  the 
coil  throughout  the  revolution,  and  curve  ii  is  the  current  in  the 
same  coil  during  the  revolution.  The  curves  shown  in  Fig.  4, 
were  taken  with  a  light  load.    Figs.  5  and  6  8lj^;f|^e(fi}J^'J3&\^BP 
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with  medium  and  with  full  loads.  For  some  unknown  reason  it 
was  found  impossible  to  get  accurate  readings  for  the  current  at 
full  load,  and  so  no  current  curve  is  given  in  Fig.  6.     It  is  proba- 
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We  though,  from  the  similarity  of  the  current  curves  at  light 
load  and  at  medium  load,  that  the  current  for  full  load  differed 
very  little  from  the  other  two. 

It  will  be  noticed  that  at  all  loads  the  potential  changes  sign 
no  less  than  six  times  during  the  revolution  and  falls  to  zero,  or 
almost  to  it,  as  often  as  twelve  times,  while  the  current  reveises 
but  twice  during  the  revolution  and  for  the  most  part  goes 
through  very  gradual  changes.    At  the  bottoms  of  the  figures  are 
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lines  of  spaces  showing  the  positions  of  the  armature  during  the 
part  of  the  revolution  represented  by  the  curves  above  them. 
«i,  «2i%etc.,  are  the  periods  of  short  circuit  and  ^i,  j[>2,  ^j,  etc.,  are 
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the  periods  during  whicli  two  coils  are  usually  supposed  to  be  in 
parallel  with  each  other  and  in  series  with  the  third  coil.  There 
are  six  periods  of  each  kind  in  the  course  of  each  revolution. 
Figs.  10,  14  and  18  represent  the  relative  positions  of  commu- 
tator and  brushes  at  the  three  different  loads  during  the  parts  of 
revolution  shown  at  a^  For  the  light  load  this  period  is  about 
25°;  for  the  medium  load  about  10°,  and  for  full  load  not  more 
than  1°.  The  periods  shown  are  not  the  acfual^  but  the  apparent 
periods  of  short  circuit  as  it  would  seem  to  be  from  the  positions 
of  the  commutator  and  brushes.  The  actuaJ  periods  of  short  cir- 
cuit are  somewhat  longer,  owing  to  the  conductivity  of  the  spark, 
and  last  until  the  spark  is  blown  out.  The  exact  point  of  the 
revolution  represented  by  Figs.  10,  14  and  IS,  is  the  point  130°, 
as  marked  below  the  curves.  Figs.  11,  15  and  11^  represent  the 
positions  of  the  brushes  and  commutator  for  the  parallel  periods 


Fig.  7. 


jr;„  or,  to  give  the  exact  position  shown,  160°.  Figs.  12,  16  and  20 
represent  the  second  short  circuit  period,  ^2,  or  190°,  and  Figs  13, 
17  and  21  show  the  second  periods  of  parallelism,  ^^3,  or  220°.  In 
all  of  these  figures  the  relative  positions  of  the  coils  and  poles  of 
the  dynamo  are  also  shown,  the  coils  being  numbered  1,2,  3,  just 
as  they  are  on  the  dynamo.  During  the  entire  period  represented 
by  each  four  figures  as  above,  the  armature  has  turned  through 
120°,  or  one  third  of  the  revolution,  and  if  we  now  consider  the 
position  of  coil  2  changed  to  that  of  coil  1  in  each  figure,  our 
figures  will  then  represent  the  next  third  of  the  revolution.  If 
coil  3  is  supposed  to  occupy  the  position  of  coil  1,  we  shall  then 
have  the  remaining  third  of  the  revolution. 

It  will  be  noticed  that  the  more  sudden  and  violent  changes 
of  potential  occur  just  as  the  spark  is  forming  and  being  broken 
at  the  front  end  of  the  commutator  bar.         D,g,t,zedbyv3^v^gL>. 
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In  examining  these  curves  of  potential  it  should  be  remem- 
bered that  they  represent  the  diffei'mice  of  poteiiUul  at  the  ends 
of  the  coil  and  riot  the  e.  m.  f.  developed  in  the  coil  during  the 
revolution.  The  sudden  and  marked  changes  in  current  which 
are  shown  at  certain  points  of  the  current  curves,  are  selected 
from  a  number  of  readings  which  showed  great  variation.  In 
some  cases  the  reading  had  an  opposite  value  from  that  shown 
in  the  curve,  and  it  seems  probable,  that  all  things  considered, 
the  average  vahie  of  these  points  should  be  very  little,  if  any, 
different  from  the  others,  and  the  whole  should  form  a  smooth 
curve  without  any  very  sudden  changes.  In  Figs.  10  to  21,  the 
arrow  shows  tlie  direction  of  the  current  in  each  coil  during  that 
particular  part  of  the  revolution  represented  by  the  figure.  In 
each  of  these  figures  a  neutral  line  7i  n'  is  shown,  in  passing 
which  the  current  in  each  coil  becomes  zero  and  reverses.     It 
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will  be  noticed  that  the  direction  of  the  currents  in  the  various 
coils  for  the  so-called  periods  of  parallelism  and  short-circuit  is 
quite  different  from  what  would  be  naturally  expected  and  from 
what  has  been  supposed  to  be  the  case  in  most  of  the  descrip- 
tions of  the  action  of  this  nuichine.  For  instance,  in  Fig.  11,  we 
have  the  current  in  coil  1  flowing  toward  the  junction  of  the  three 
wires,  showing  that  a  current  is  flowing  from  the  junction 
through  coil  3  to  the  left  pair  of  brushes  and  back  through  coil 
1  to  the  junction  again,  or  in  other  words  that  coils  1  and  3  are 
short-circuited  upon  each  otlier.  This  state  of  affairs  continues, 
with  the  light  load,  until  commutator  bar  3  touches  the  right 
following  brush  and  short-circuit  period  ^2  commences.  Thus  it 
will  be  seen  that  there  is  no  instant  during  the  so-called  parallel 
period  when  coils  1  and  3  are  in  parallel  and  that  the  a<*tvul  par- 
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short-circuit.  In  the  case  of  medium  and  full  loads,  however,  it 
occurs  at  from  10°  to  20"^  before  the  period  of  short-circuit. 
Another  point  worthy  of  notice  is,  that  at  the  first  instant  of 
short  circuit,  when  the  commutator  bar  just  touches  the  follow- 
ing brush,  there  is  no  sudden  increase  of  current  as  would  be 
naturally  expected,  but  the  current  in  the  short-circuited  coils 
slowly  and  gradually  increases  until  the  short-circuit  is  broken 
by  the  blowing  out  of  the  spark,  at  which  instant  the  current  ik 
a  maximum  in  the  coil  whose  commutator  bar  is  opposite  the 
sparking  point,  and  in  the  other  two  coils  it  is  about  the  same 
as  the  normal  external  current. 

In  Figs  7,  8  and  9  are  shown  curves  of  potential  at  the  brushes, 
at  the  three  different  loads.  These  curves  were  obtained  from 
the  potential  curves  of  Figs.  4,  5  and  6,  by  adding  together  the 
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potentials  of  the  three  coils  according  to  their  relative  positions, 
and  thus  obtaining  the  potential  at  the  brushes.  It  will  be  noticed 
that  at  all  loads  the  curves  fall  below  zero  six  times  during  each 
revolution,  and  that  the  difference  in  area  and  consequent  effect- 
ive E.  M.  F.,  is  obtained  more  by  the  widening  out  of  the  curves 
than  by  increase  in  height.  This  is  what  we  ought  to  expect 
from  the  change  in  duration  of  the  short  circuit  periods.  A  com- 
parison of  these  three  curves  of  potential  at  the  brushes,  with  the 
three  curves  of  potential  at  the  terminals  of  the  dynamo  will  give 
one  a  good  idea  of  the  remarkable  steadying  power  which  mag- 
nets such  as  the  fields  of  this  dynamo,  exert  upon  an  intermittent 
current.  No  further  explanation  is  needed  of  the  fact  that  this 
dynamo  will  not  work  as  a  separately  excited  machine.     The 
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markable  effects  of  armature  and  field  reactions  and  any  one  suf- 
ficiently interested  to  make  a  detailed  study  of  them  might 
possibly  succeed  in  bringing  out  a  number  of  curious  and  inter- 
esting, if  not  useful,  results. 

It  18  to  be  regretted  that  tinie  did  not  permit  the  measurement 
of  the  exact  electromotive  force  developed  in  a  separate  coil  of 
the  armature,  as  distinct  from  the  difference  of  potential  at  the 
ends  of  the  coil,  and  also  the  measurement  of  the  changes  of 
magnetism  occurring  in  the  fields  of  the  dynamo.  With  the  help 
of  this  additional  data  a  very  complete  study  of  the  internal 
actions  of  the  machine  might  have  been  made,  and  possibly  re- 
sults might  have  been  obtained  which  would  throw  useful  light 
upon  the  interesting  subject  of  armature  reactions.  The  writer 
hopes  at  some  time  in  the  near  future  to  make  a  fuither  study  of 
the  machine  in  this  respect  and  to  present  any  further  data  ob- 
tained in  this  way  as  a  supplement  to  this  paper. 

Coin^ll  University,  May  8,  1891. 
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Discussion.^ 

Pbof.  Thomson  : — If  no  one  else  cares  to  open  the  discussion 
I  may  make  a  few  remarks.  I  called  Mr.  Thompson's  attention 
to  his  statements  in  regard  to  the  blowing  out  of  the  spark  as 
expressing  an  erroneous  idea  in  relation  to  the  machine.  This 
erroneous  idea  he  will  find  expressed  in  Prof.  Silvanus  P.  Thomp- 
son's Dynamo  Electric  Machinery,  that  the  air  blast  in  the  Thom- 
son-Houston thne  coil  machine  is  for  the  purpose  of  blowing 
out  the  spark.  That  is  not  at  all  the  case ;  it  never  was  the  case; 
and  the  air  blast  was  introduced  for  no  other  purpose  than  to 
make  it  possible  to  run  the  machine  steadily  at  hign  differences 
of  potential  with  a  commutator  which  could  be  freely  oiled.  It 
was  found  in  the  early  experience  with  the  machine  that  it  was 

f)Ossible  to  construct  a  dynamo  up  to  about  twelve  to  fifteen  arc 
amps  which  would  retain  the  normal  working  condition  without 
flashing  over,  as  it  is  called— short  circuiting  across  the  slots  and 
the  short  circuit  arc  being  carried  around.  But  beyond  that  po- 
tential difference  there  was  an  eminent  danger  of  its  occuring, 
although  a  25  light  machine  might  run  for  an  hour  or  an  hour 
and  a  half  without  any  flashing  or  short  circuiting  over.  Of 
course  the  tendency  to  flash  over,  increased  with  tlie  difference 
in  potential.  Now  it  was  also  desirable  to  run  the  commutator 
with  a  film  of  oil  to  freely  oil  the  machine,  and  when  the  com- 
mutator was  freely  oiled  the  limiting  potential  which  could  exist 
without  flashing  was  much  lower  Even  a  10  light  machine 
might  flash  readily  if  there  was  a  good  deal  of  oil  on  the  commu- 
tator. In  the  early  days  men  would  oil  the  commutator.  It  was 
almost  impossib'e  to  keep  them  from  taking  an  oil  can  and 
squirting  on  the  commutator.  The  Brush  machines  were  also 
very  sensitive  to  this  same  action,  and  their  recommendations 
were  very  distinct  as  to  what  was  to  be  done  to  oil  the  commu- 
tator— that  is,  take  a  ra^^  and  grease  it  with  a  little  vaseline  and 
touch  the  commutator  lightly.  If  the  commutator  was  thor- 
oughly oiled  there  wouLi  at  once  be  a  flash.  Another  thing,  the 
oil  on  the  commutator  of  course  diminished  the  wear,  so  that  if 
there  was  any  little  roughening  it  was  from  cutting  and  making 
copper  dust  around  the  relieved  commutator.  I  tried  in  the  early 
days  to  get  rid  of  the  difficultv  and  did  get  rid  of  it  by  using 
condensers  on  the  machine.  I  took  the  three  coils  and  segments. 
I  led  our  connections  from  each  segment  to  a  triple  condenser. 
That  preceded  the  development  of  the  air  blast.  There  were 
three  coils  in  inductive  relation.  On  a  machine  up  to  6  or  8 
lights  I  found  I  could  actually  obliterate  the  sparking  at  the  tips 
of  the  brushes  and  the  brushes  could  be  moved  quite  a  distance 
without  provoking  sparks  while  the  machine  was  carrying  its 
load.  But  I  also  found  that  the  condenser  was  very  subject  to 
perforation.     There  were  conditions  arising  which  raised  the  po- 
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tential  enormously  and  I  could  under  certain  conditions  get 
strong  static  discharges,  (this  is  a  very  interesting  matter  indeed 
as  looked  at  from  the  present  standpoint  in  relation  to  alterna- 
ting discharges.)  With  a  coil  of  a  single  turn  connected  in  the 
wire  leading  from  the  segment  to  the  condenser  coil,  I  could 
often  get  discharges  of  an  eighth  of  an  inch  length  snapping 
from  one  turn  to  the  other ;  a  discharge  which  refused  to  run 
around  the  coil — one  in  fact  which  went  through  the  double  in- 
sulation of  wire  and  the  air  space  between  the  turns  instead  of 
going  a  foot  or  two  in  the  wire,  and  if  it  did  not  get  a  chance  to 
do  that,  it  was  very  apt  to  go  through  the  condenser  insulation. 
I  tried  to  apply  this  principle  to  a  much  larger  machine  and  I 
found  I  could  not  make  the  condenser  live  under  those  conditions. 
It  would  be  perforated  although  it  was  a  remedy  for  theflashi/rig. 
The  tips  of  the  brushes  were  practically  quiet.  It  did  not  fulffll 
the  conditions  in  practice,  so  that  it  led  to  the  trial  of  an  air 
blast  on  the  tips  of  the  brushes,  and  the  reasoning  used  in  getting 


rig.  1. 

the  air  blast  was  this — to  take  a  niagniiied  image  of  the  commu- 
tator brush  and  the  slot  (Fig.  1.) — that  on  the  leaving  of  this 
segment  there  would  be  a  small  amount  of  current  still  fed  from 
the  segment  to  the  brush,  which  would,  as  it  were,  tail  off  2Li.  8 
and  the  sparks  would  be  thicker  at  the  brush  and  gradually  thin 
out  to  a  fine  point  and  then  stop.  Then  the  segment  would 
change  polarity  and  go  on  to  the  other  side.  But  naturally  if  the 
change  of  polarity  was  immediate  on  the  cessation  of  that  spark 
there  might  remain,  as  it  were,  from  the  spark,  hot  gas  which 
would  enable  the  discharffe  to  take  place  in  the  opposite  direction, 
and  that  was  a  flash  which  would  be  carried  over  as  an  arc.  My 
idea  was  simply  to  blow  a  cold  blast  of  air — as  it  were  to  drive 
that  spark  away  and  insert,  no  matter  how  thin  a  layer  of  cold 
air  before  the  reversal  was  accomplished  and  in  that  way  to  keep 
the  insulation  of  the  machine.  That  process  is  found  effective 
even  with  a  three  coil  commutator  up  to  3,500  or  4,000  volte, 
with  the  air  pressure,  of  course,  slightly  increased  as  we  rise. 
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Now  a  few  words  in  relation  to  the  three  coil  machine,  as  to  its 
development,  may  be  of  interest.  The  reasoning  which  led  to 
the  machine  originally  was  somewhat  like  this :  Here  we  have 
the  old  Siemens  type  of  machine — a  single  coil  machine  with  two 
segments  (Fig.  2).  It  occurred  to  as  that  by  taking  that  coil  and 
dividing  it  in  the  centre  and  putting  in  another  coil  and  slip- 
ping this  segment  around  and  making  room  for  another,  we 
would  have  a  continuously  acting  arrangement  something  like  a 
three  cylinder  engine,  and  we  wonld  have,  as  it  were,  a  triple 
coil  (Fig.  3).  I  do  not  regard  these  coils  at  all  as  separate  coils. 
They  are  not  separate  coib.  The  system  is  a  system  working  as 
a  single  coil  system.  Now  it  is  not  at  all  surprising  that  any 
measurement  of  potential,  taking  between  the  branching  point  of 
the  divisions  or  the  common  pomt  and  any  segment  should  show 
considerable  fluctuation  because  the  joint  is  only  a  point  in  the 
combined  coil  circuit.  The  equi  potential  points  or  points  of 
zero  potential  may  slip  back  and,  as  it  were,  fluctuate — i»a8s  into 


Fig,  9.  J^f|/.A 


each  coil,  and  do  that  a  number  of  times  in  a  revolution.  In- 
vestigations show  that  it  occurs  twelve  times.  But  what  does  it 
mean  ?  It  doesn't  mean  necessarily  that  the  fluctuation  is  impor- 
tant. It  means  that  the  electrical  condition  of  this  junction  of 
the  three  branches  is  changing  several  times  in  a  revolution.  The 
fact  is  that  the  activities  of  the  coils  are  developed  in  nearly  a  sine 
curve,  as  I  proved  years  ago — in  fact  in  1881 — by  the  method  of 
instantaneous  contacts  just  then  brought  out.  Tnis  was  done  by 
revolvinz  a  small,  narrow  segment  and  making  contacts  with  a 
movable  brush  at  successive  positions.  I  got  curves  from  the  coils 
like  that,  and  I  got  curves  not  only  for  the  coils  acting  singly,  but  I 
got  curves  for  the  coils  when  acting  together  But  it  is  proper 
to  state  that  these  curves,  which  were  modified  sine  curves,  were 
obtained  with  a  machine  working  under  what  we  may  call  now 
the  disused  condition  of  forward  regulation.  The  three  coil  ma- 
chine is  capable  of  working  in  two  ways.      It  may  be  regulated 
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by  the  commonly  practiced  method,  or  it  may  be  regulated  by 
forward  regulation  as  we  term  it  (Fig.  4).  We  may  put  a  bmsn 
here  (Fig.  4.)  and  another  one  at  a  moderate  angle  generally 
about  thirty  degrees,  (according  to  the  field  strength  of  the  ma- 
chine this  angle  becomes  less  or  greater).  If  the  field  is  very 
strong  we  have  to  diminish  this  angle  because  the  transfer  of 
current  from  one  coil  to  the  other  takes  place  more  briskly. 
These  brushes  are  yoked  together  and  during  regulation  which 
was  the  original  way  in  which  the  machine  was  worked  these 
brushes  were  moved  forward  by  the  regulator  to  diminish  the 
electromotive  force  gradually.  It  was  possible  to  work  this  ma- 
chine not  only  to  cut  out  everjjr  light  without  a  spark,  but  it  was 
also  possible  where  two  machmes  were  run  in  series  as  was  com- 
mon at  that  time  to  take  one  machine  with  its  brushes  at  the  po- 
sition of  full  load,  take  the  other  machine  and  by  carrying  the 


Fig.  4 


brushes  around  to  actually  convert  it  into  a  motor,  so  that  every 
light  in  the  circuit — say  there  were  20  lights— two  ten  light  ma- 
chines coupled  in  that  way — every  light  could  be  taken  out,  and 
the  two  machines  could  be  running,  one  feeding  the  other  as  a 
motor — the  brushes  having  gone  around  without  sparking  to  the 
opposite  point — a  very  interesting  thing  indeed — and  it  was  very 
curious  to  notice  how  the  strain  on  the  belts  shifted  as  the  trans- 
fers were  made.  While  this  method  of  operating  the  machine  was 
undoubtedly  a  little  more  efficient  than  the  present  method ; 
what  we  call  the  backward  regulation,  it  did  not  give  in  all  cases 
that  kind  of  curve  to  the  dynamo  which  was  required  for  stabili^- 
in  the  operation  of  all  types  of  arc  lamps.  It  was  sometimes  diffi- 
cult to  get  the  machines  to  be  .stable  under  some  conditions,  and 
even  with  changes  in  the  proportioning,  the  quality  of  the  iron 
would  bother  us  with  certain  forms  of  lamps,  althousrh  there  wertf^ 
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many  machines  constructed  and  operated  in  that  way,  but  we  had 
to  do  a  great  deal  more  adjusting  in  the  factory  than  we  did  after 
adopting  the  backward  type  of  regulation.  We  got,  in  other 
words,  by  the  backward  regulation  a  greater  droop  in  the  char- 
acteristic curve  at  the  normal  current  point — a  tendency,  in  other 
words,  for  the  machine  to  become  of  itself  a  constant  current 
machine.  No  matter  what  character  or  regulation  of  lamps  ex- 
isted on  the  circuit,  whether  they  were  differential  or  simply 
shunt  lamps,  that  machine  would  take  care  of  them  and  handle 
them.  The  former  machine  was  sensitive  to  the  lamps  and  sen- 
sitive to  the  adjustment  of  the  lamps — differential  lamps  working 
much  better  than  simple  shunt  lamps  of  course.  When  the  shunt 
lamp  was  adopted  it  required  that  the  droop  in  the  characteristic 
be  much  more  sudden.  These  considerations  will  throw  some 
light  on  the  general  question  which  has  been  opened  for  discus- 
sion.    [Applause.] 

Dr*  Geyer: — I  have  always  thought  that  this  machine  is  the 
most  unique  and  interesting  of  all  the  machines  built.   I  am  very 

flad  that  a  study  of  it  has  been  made  in  this  manner  by  Mr. 
'hompson.  I  should  like  to  remark,  however,  that  an  exactly  simi- 
lar investigation  was  made  as  early  as  1879  or  1880  on  a  Brush 
machine,  which  is  one  of  the  class  called  open  coil.  The  apparatus 
was  just  the  same,  a  ballistic  galvanometer  being  used,  but  angles 
were  taken  only  every  ten  degrees  instead  of  every  five  degrees. 
The  experiments  were  made  more  particularly  to  illustrate  the 
action  of  any  one  particular  coil  or  of  two  coils  in  series  and  finally 
of  the  machine  as  a  whole.* 

Prof.  Nichols  : — It  is  very  late,  but  I  cannot  refrain  from  say- 
ing that  I  hope  that  Dr.  Geyer  will  try  to  get  these  belated  re- 
sults on  the  irush  machine  published.  I  think  it  would  be  a 
very  interesting  thing  at  this  day,  when  the  method  of  instanta- 
neous contacts  lias  reached  a  development  and  has  an  important 
and  recognized  field — to  publish  measurements  which  were  made 
at  that  early  day,  that  we  might  compare  those  results  with  what 
are  being  obtained  now.  It  seems  to  me  that  it  is  a  most  unfor- 
tunate thing  that  these  results  were  not  published  in  full  in  1879 
or  1880,  It  appears  that  this  work  must  have  been  done  before 
the  appearance  of  Joubert's  well  known  paper,  and  it  seems  to 
me  it  would  be  very  well  worth  while  to  resuscitate  these  old  re- 
sults and  to  give  them  in  full. 

Mr.  Kice  : — In  connection  with  the  remark  of  Prof.  Thom- 
son, that  the  flashing  of  the  commutator  was  due  to  the  establish- 
ment of  an  arc  across  the  segment  through  the  hot  gases,  I  think 
it  would  be  interesting  to  state  a  fact  which  I  believe  is  not  gen- 
erally known,  but  which  we  discovered  at  the  works  of  the  Thom- 

1.  Since  taking  part  in  this  discussion,  Dr.  Geyer  has  met  Prof.  Thomas  who 
participated  in  this  investigation,  and  who  has  undertaken  to  prepare  a  paper 
lor  the  Institute  giving  the  details.  For  this  reason  Dr.  Geyer's  further  re- 
marks are  omitted.— [/^{ftYe^r.  ,,   ,    ^^  ^  ^.  „  ,^,., 
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son  Hou8ton  factory  while  experimenting  with  large  arc  lights 
for  government  use,  using  currents  of  from  50  to  100  amperes, 
the  potential  difference  being  50  volts  and  run  in  connection  with 
a  machine  that  would  produce  about  75  volts.  We  found  we 
could  turn  out  the  light  and  allow  the  arc  to  be  completely  ex- 
tinguished for  a  full  second  ;  then  switch  on  the  current  and  the 
arc  would  be  re-estabiished.  This  was  done  i-epeatedly,  showing 
that  the  hot  gas  was  sufficiently  conductive  to  re-establish  the  arc 
where  there  was  a  diflference  of  potential  which  could  not  have 
exceeded  75  volts.  The  same  phenomenon  has  been  observed  bv 
us  subsequently  in  arcs  using  but  ten  amperes,  although  with  sucn 
a  small  current,  the  time  during  which  the  current  can  be  shut 
off  with  re-establishment  of  the  arc,  is  much  less. 

During  all  these  expetiments  the  carbons  were  maintained 
separated  the  normal  arc  distance,  «.  e,  about  one-sixteenth  or 
three  thirty-seconds  of  an  inch  for  small  currents,  up  to  one-quar- 
ter or  five-sixteenths  of  an  inch  for  the  larger  currents. 

Prof.  Thomson  : — I  am  glad  attention  has  been  called  to  that 
experiment  for  1  have  seen  that  case  repeatedly  in  which  you 
could  turn  off  current  by  the  switch  ana  throw  the  current  on 
again  and  the  arc  would  re-establish  itself,  a  complete  dead  space 
having  existing  between  the  carbons  for  some  interval  of  time. 
I  would  say,  calling  attention  to  the  paper  of  yesterday,  that  here 
we  have  an  observation  which  goes  along  with  those  of  the  paper 
very  prettily — that  here  we  have  just  the  case  of  the  stoppage 
and  re-establishment,  and  the  experiments  just  mentioned  prove 
that  the  alternations  might  have  been  very  slow  indeed  and  with 
a  considerable  interval  of  interruption  in  the  case  of  large  arcs, 
without  permanent  extinguishment. 

The  Chaikman: — If  there  be  no  further  discussion,  we  will 
retntn  to  the  regular  order  of  the  programme,  according  to  which 
the  next  paper  is  that  of  Dr.  W.  11.  Wahl,  of  Philauelphia,  on 
"The  Future  of  the  Aluminium  Problem  from  the  Cnemical 
Standpoint." 

Dr.  Wahl  : — When  I  set  about  to  fulfill  the  promise  that  I 
gave  some  time  ago  to  one  of  the  officers  of  your  society,  I  was 
confronted  with  the  difficulty  of  presenting  anything  that  was 
new  upon  the  subject  of  aluminium.  I  found,  for  example,  that 
within  the  past  few  months  several  admirable  papers  have  been 
presented  on  the  subject,  which  treated  it  in  almost  all  its  aspects 
very  thoroughly  and  leaving  really  very  little  that  was  new  to  be 
said  on  those  particular  phases  of  the  question.  Prof.  Richards, 
for  example,  m  a  lecture  lately  delivered  before  the  Franklin 
Institute  in  Philadelphia,  discussed  the  alnminium  problem 
historically  in  a  most  admirable  manner,  givinir  a  resume  of  the 
state  of  the  art  down  to  the  present  time,  practically  covering 
this  phase  of  the  subject.  Mr.  A.  S.  Brown  of  your  society  pre- 
sented, I  believe,  only  a  few  weeks  ago  an  excellent  paper 
(covering  substantially  the  same  ground,  and  giving  facts  and 
igiires  covering  certain  improved  processc^s,  and  in  March  of  the 
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present  year,  I  believe,  Capt.  Hunt,  of  Pittsburgh,  read  a  most 
admirable  and  exhaustive  paper  on  the  subject  before  the  Boston 
Society  of  Arts,  in  which  he  discussed  very  thoroughly  and 
instructively  the  prospective  uses  of  the  metal,  especially  in  con- 
nection with  it«  en^neering  application— a  paper  to  which  I 
would  call  your  particular  attention.  In  casting  about  to  find 
some  new  phases  of  the  subject  it  occurred  to  me  that  while  the 
electrical  process  had  had  a  number  of  champions,  there  had  been 
very  little  said  concerning  the  possibilities  of  the  restoration  of 
the  chemical  processes  in  the  production  of  the  metal  in  the 
future,  and  thinking  it  might  possibly  be  a  meritorious  deed  to 
take  the  part  of  the  under  dog,  I  concluded  to  present  to  you 
some  of  the  possibilities  from  the  chemical  standpoint  of  produc- 
ing aluminium  cheaply. 

Dr.  Wahl  then  read  the  following  paper  : 
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THE     FUTURE     OF     THE     ALUMINIUM    PROBLEM 
FROM  THE  CHEMICAL  STANDPOINT. 


BY  DR.  WM.  H.  WAHL. 


Mr.  President  and  Gentlemen  of  the  Institute — I  propose 
to  invite  your  attention  in  the  following  remarks  to  the  conaidera^ 
tion  of  the  possibility  of  cheapening  the  cost  of  producing  alu- 
minium by  improvements  in  chemical  processes. 

It  is  obvious  at  the  outset  that  the  selection  of  the  aluminious 
compound  to  serve  for  reduction,  is  of  the  highest  importance. 
The  compounds  available  for  the  purpose  are  three  in  number : 

1.  The  halogen  compounds  (chloride,  fluoride,  etc.) 

2.  The  sulphide. 
8.     The  oxide. 

Thus  far,  the  compounds  first  named  have  been  the  only  ones 
that  have  yielded  satisfactory  results  on  the  commercial  scale,  and 
it  would  seem  probable  that  if  a  substantial  advance  in  the  metal- 
lurgy of  aluminium  may  reasonably  be  expected,  it  should  be 
looked  for  in  connection  with  these  compounds  that  have  hereto- 
fore proved  to  be  the  most  pliable  in  the  chemist's  hands.  It 
will  be  most  instructive,  therefore,  to  examine  the  processes  based 
on  the  use  of  the  halogen  compounds  of  aluminium  and  to  en 
deavor  to  ascertain  to  what  extent  the  economies  already  realized 
in  practice  bar  the  way  to  further  improvement. 

These  processes,  which  held  the  lield  alone  until  driven  from 
it  by  the  remarkable  development  of  the  electrical  methods,  are 
based  upon  the  reduction  of  the  chloride  or  fluoride  of  aluminium 
by  means  of  ^odium.  For  practical  purposes  it  is  found  prefer- 
able to  employ,  in  place  of  the  simple  chloride  or  fluoride  of  alu- 
minium, the  corresponding  double  salt  of  sodium.         C^ r^r^rAr> 
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First  in  order,  let  us  consider  the  Deville-Castner  process. 
This  embraces  three  operations — the  manufacture  of  the  double 
chloride  of  sodium  and  aluminium,  the  manufacture  of  sodium^ 
and  the  reduction  of  the  double  chloride  by  sodium. 

The  statement  will  not  be  questioned  by  chemists,  that  the  use 
of  the  chloride  as  the  aluminious  compound  to  be  reduced,  is  at- 
tended with  difficulties.  It  cannot  be  produced  in  the  wet  way 
either  by  precipitation  or  by  the  evaporation  of  its  aqueous  solu- 
tion, and  a  roundabout  furnace  process  is  the  only  method  by 
which  it  has  thus  far  been  produced,  commercially.  Further 
more,  it  is  so  readily  decomposed  that  it  must  carefully  be  guarded 
from  the  access  of  moisture.  Also,  though  its  reaction  with 
sodium  takes  place  with  great  energy,  it  has  been  found  practically 
impossible  to  obtain  by  its  use  more  than  about  75  to  80  per  cent, 
of  the  contained  aluminium  for  physical  reasons  inseparable  from 
the  conditions  under  which  the  reaction  occurs. 

Its  advantages  are,  its  ready  fusibility,  in  consequence  of  which 
the  reaction  with  sodium  begins  at  a  comparatively  low  tempera- 
ture, and  the  fact  tliat  the  metal  may  he  obtained  entirely  free 
from  silicon  and  almost  free  from  iron,  the  two  elements  that 
exert  the  most  deleterious  influence  upon  aluminium. 

It  is  a  just  tribute  to  the  skill  and  ingenuity  displayed  by  the 
able  chemists  in  charge  of  the  Deville  Castner  plant,  at  Birming- 
ham, to  give  them  credit  for  having  succeeded  in  reducing  the 
cost  of  sodium-aluminium  chloride  from  about  22^  cents  (which 
is  believed  to  be  a  fair  estimate  of  its  cost  before  the  improve- 
ments of  Webster  and  Castner)  to  about  i\  cents  per  pound. 

You  will  doubtless  have  heard  much  of  the  claims  of  several 
processes  for  the  direct  production  of  the  chloride,  by  passing 
gaseous  mixtures  containing  chlorine  and  carbon  over  heated 
alumina  contained  in  retorts  suitably  connected  with  a  condenser. 
By  one  of  these  described  in  Richard's  admirable  treatise  on  alu- 
minium the  cost  of  production  is  aflirnied  to  be  as  low  as  1^  cents 
per  pound,  \^y  another  process  which  is  exceedingly  plausible, 
hydrochloric  acid  vapors  are  passed  into  an  electric  furnace,  in 
which  alumina  is  being  decomposed  by  carbon,  the  chloride 
formed  being  condejised  in  a  suitably  connected  chamber. 

Either  of  these  plans,  so  far  as  one  may  form  a  judgment  from 
their  general  features,  appears  to  possess  decided  advantages  over 
the  older  one  employed  in  the  Deville-  (^astner  operations.  Thus 
far,  however,  so  far  as  I  am   aware,  they  h^^i^i^ijcj^^^p^^jUt 
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in  practice  on  the  commercial  scale,  and,  promising  as  they  ap- 
pear to  be,  I  incline  to  the  belief  that  the  fluorides  present  such 
advantages  that  if  there  shall  prove  to  be  any  future  for  alumin- 
ium processes  based  on  the  use  of  sodium  as  the  reducing  agent, 
the  fluoride  compounds  of  aluminium  and  not  the  chlorides,  will 
be  used  for  the  purpose. 

The  reasons  for  this  opinion  are :  The  fluorides  are  absolutely 
stable  at  common  temperatures ;  they  may  be  highly  heated 
without  suffering  notable  loss  by  volatilization,  and,  by  employ- 
ing proper  precautions  in  bringing  the  reducing  agent  in  contact 
with  them,  they  can  be  made  to  yield  very  nearly  the  theoretical 
quantity  of  contained  aluminium  in  condition  to  be  at  once  and 
without  further  manipulation,  alloyed,  cast,  etc. 

Respecting  tlie  comparative  cost  of  the  chloride  and  fluoride  of 
aluminium,  while  reliable  data  are  wanting,  I  am  confident  that 
the  opinion  of  chemists  who  have  given  the  subject  any  consid- 
eration will  incline  in  favor  of  the  fluoride.  There  is  this  im- 
portant advantage  in  its  favor,  that  the  resulting  product  from 
the' reaction  of  sodium  with  aluminium  fluoride,  i,  ^.,  sodium 
fluoride,  by  very  simple  and  inexpensive  operations,  may  be 
made  to  yield,  on  the  one  hand,  sodium  hydrate,  which  may  be 
utilized  for  the  production  of  sodium,  and  on  the  other  hand, 
aluminium  fluoride ;  thus  regaining,  at  comparatively  little  cost, 
both  the  reducing  agent  and  the  aluminium  compound  to  be  re- 
duced. 

In  the  case  of  the  chloride  the  end  product  of  the  reaction  is 
sodium  chloride,  a  substance  of  such  little  value  as  to  be  hardly 
worth  the  cost  of  evaporation  and  utilization.  For  these  reasons, 
in  the  consideration  of  the  future  possibilities  of  the  sodium  pro- 
cess of  producing  aluminium,  I  believe  the  use  of  the  chloride 
may  safely  be  assumed  to  be  impracticable. 

We  come  now  to  the  consideration  of  the  remaining  element 
of  the  chloride  and  fluoride  reduction  processes,  namely,  the 
question  of  the  sodium. 

I  am  aware  that  the  weight  of  opinion  among  chemists  who 
have  given  the  subject  very  careful  consideration  is  unfavorable 
to  the  future  prospects  of  aluminium  processes  in  which  sodium 
is  relied  upon  as  the  reducing  agent.  Richards,  for  example, 
whose  opinion  on  all  questions  pertaining  to  the  aluminium 
problem  is  entitled  to  respect,  in  a  lecture  on  this  subject 
lately  delivered  before  the  Franklin  I"stiti^te,|j6a^8^^i\^lii8^np^t^ 
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^^  I  do  not  consider  the  sodium  processes,  however,  as  ever  likely 
to  take  part  again  in  the  metallurgy  of  aluminium.  I  think  their 
day  is  past."  ^ 

I  will  not  venture  to  dispute  the  correctness  of  the  conclusion 
to  which  this  able  and  conservative  author  has  arrived,  since 
there  are  other  metallurgical  methods  that  appear  to  be  much 
more  promising.  The  author  I  have  just  quoted,  indeed  appears 
to  be  of  this  opinion,  inasmuch  as  he  says  in  the  same  pai*agraph, 

" although  electrical  processes  are  *  on  top '  at  present 

and,  I  think,  will  stay  there  for  some  time  to  come,  I  am  far 
from  considering  that  they  may  not  possibly  be  superseded  by 
non-electric  methods  of  reduction." 

It  may  be  true  that  the  sodium  processes  have  had  their  day, 
in  the  metallurgy  of  aluminium,  but  I  am  confident  that  the 
prospects  for  much  cheaper  sodium  in  the  near  future  are  de- 
cidedly brighter  than  those  for  cheaper  aluminium.  Without 
underestimating  the  great  difficulties  involved  in  the  production 
of  sodium,  and  duly  appreciating  the  value  of  the  services  of 
Deville,  Castner,  Netto,  and  others  who  have  contributed  meri- 
toriously to  the  problem  of  reducing  the  cost  of  its  manufacture, 
I  have  been  impressed  of  late  with  the  belief  that  all  the  methods 
hitherto  proposed  and  employed  for  the  production  of  sodium 
are  extremely  crude  in  conception  and  imperfect  in  practice. 
For  one,  I  think  it  would  be  entirely  possible,  very  greatly  to  re- 
duce the  cost  of  making  sodium  by  the  metallurgical  way,  but  to 
do  so,  it  must  be  manifest  to  all  who  are  familiar  with  the  past 
and  present  methods  of  manufacture  that  these  will  have  to  give 
place  to  others  operated  on  some  radically  different  plan. 

My  reasons  for  this  opinion  are  briefly  these :  The  cost  of  a 
metallurgical  operation  is  largely  affected  by  the  scale  of  magni- 
tude on  which  it  is  conducted;  and,  where  heat  is  required  to  bring 
about  the  needful  reactions,  by  the  economy  with  which  it  is  ap- 
plied to  effect  the  result;  and,  if  it  be  a  furnace  process,  whether 
the  operation  is  continuous  or  intermittent. 

The  capacity  for  production  of  a  metallurgical  plant  increases 
in  a  much  greater  ratio  than  the  item  of  labor  cost ;  so  that  in 
such  cases  the  doubling  or  quadrupling  of  the  output  may  be  ac- 
complished with  a  correspondingly  enlarged  plant,  with  the  aid  of 
comparatively  little  additional  labor. 

Where  heat  is  the  prime  element  in  effecting  the  reactions — 

1  Richards.    The  Aluminium  Problem.    Jour,  Frank,  Msi^^M^^^^y^ly^ 
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which  is  practically  always  the  case — those  who  have  experience 
with  steam  power  plants  need  not  be  told  how  seriously  the 
•e(!Onomies  of  a  mill  or  factory  are  affected  by  the  choice  and 
proper  installation  of  boilers  and  engines.  In  metallurgical  op- 
erations the  limits  between  economy  and  wastefulness  in  the 
Application  of  fuel  are  much  further  apart.  The  question  of 
economy,  also,  is  materially  affected  by  the  manner  in  which  the 
process  is  operated,  i,  e.^  whether  continuously  or  intermittently. 
A  continuous  furnace  process,  of  which  the  blast  furnace  for  pro- 
ducing iron  affords  us  a  typical  example,  realizes  the  highest  at- 
tainable economy,  and  whenever  it  may  be  found  practicable  to 
adopt  this  feature  of  operation,  the  cost  of  the  output  will  be  no_ 
tably  reduced  over  processes  worked  discontiniially. 

Examining  the  sodium  processes  by  the  light  of  the  foregoing 
statements,  it  will  appear  that  none  of  them  fully  realize  thecon- 
ilitions  essential  to  the  highest  economy  of  operation.  A  few 
words  of  a  critical  nature  upon  the  methods  of  Castner  and  Netto 
which  may  stand  for  the  most  advanced  sodium  processes,  will 
enable  me,  I  think,  to  make  it  clear,  in  spite  of  the  decided  ad- 
vance over  previous  methods  which  they  exhibit,  that  from  the 
metallurgical  point  of  view  they  are  very  imperfect. 

Castner,  for  example,  operates  on  a  number  of  small  chargee, 
introduced  into  a  group  of  steel  crucibles  about  18  inches  wide 
and  24  inches  high,  and  capable  of  receiving  a  charge  of  15  lbs. 
of  caustic  soda  and  a  suitable  quantity  of  the  reducing  agent. 
The  arrangements  for  removing  a  crucible  from  the  furnace  after 
its  charge  has  been  delivered,  clearing  it  of  the  residuum,  re- 
charging and  returning  it  to  the  furnace,  permit  these  operations 
to  be  effected  in  about  two  minutes,  so  that  the  vessel  still  retains 
a  good  red  heat  when  restored  to  its  place  for  a  second  operation. 
The  crucibles  are  heated  by  producer-gas. 

The  theoretical  yield  of  a  single  charge  of  the  above  named 
-qnantity  should  be  8.92  pounds ;  the  actual  yield  in  current 
practice  at  the  Oldbury  Works,  near  Birmingham,  according  to 
Mr.  J.  Mac  Tear,  who  has  reported  the  results  of  a  very  thorough 
examination  of  the  process,  was  2.5  lbs.  or  29  per  cent.  A  much 
larger  yield,  approximating  to  the  theoretical  quantity  has  been 
obtained,  but  this  cannot  be  realized  in  practice  because  the 
extremely  high  temperature  demanded  for  it  would  result  in  the 
rapid  destruction  of  the  crucibles. 
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The  great  advantage  of  Mr.  Castner's  process^  over  older 
methods  Hes  in  the  fact  that,  by  the  em  ploy  men  t  of  a  special 
reducing  agent  (an  intimate  mechanical  mixture  of  coke  and  car- 
bide of  iron),  he  is  enabled  to  operate  upon  caustic  soda,  which 
may  be  reduced  by  carbon  at  a  much  lower  temperature  than  the 
carbonate.  The  inventor  has  claimed  that  by  this  process  the 
cost  of  manufacturing  sodium  on  the  large  scale  will  not  exceed 
25  cents  per  pound.  Mr.  Mac  Tear  has  named  as  the  result  of 
his  experimental  work  at  the  Oldbury  establishment,  16^  cents 
(8id.)  I  have  no  data  at  hand  from  which  to  deturmine  how 
nearly  either  of  these  estimates  is  actually  realized  in  current 
practice.  I  can  only  say  that  the  price  at  which  the  product  of 
the  works  was,  until  recently,  quoted  on  the  market  would  yield 
the  manufacturers  200  per  cent,  profit  on  the  price  named  by  the 
inventor. 

Dr.  Netto's  process,  in  the  opinion  of  competent  judges,  is  the 
most  economical  method  that  has  yet  been  put  in  practice,  never- 
theless, like  that  of  Castner,  it  fails  to  realize  save  in  one  impor- 
tant feature,  the  conditions  of  highest  economy  that  I  have 
assumed  to  be  essential  in  the  metallurgical  operation. 

In  order  that  the  bearing  of  this  criticism  may  appear,  it  will 
be  well  to  present  a  brief  description  of  the  process  for  the 
information  of  those  who  may  not  be  familiar  with  it. 

Dr.  Netto  used  a  cast-irbn  retort,  about  three  feet  high  and  two 
feet  in  largest  diameter,  lined  exteriorly  with  fire-clay,  and  placed 
vertically  in  a  furnace  in  which  it  can  be  heated  to  the  desired 
temperature.  The  flames  of  the  furnace,  after  passing  around 
the  retort,  may  be  directed  laterally  so  ae  to  pass  beneath  an  iron 
pot  supported  above  the  retort  and  to  one  side  of  it. 

This  pot  is  supplied  with  caustic  soda,  kept  in  the  state  of  fusion 
by  the  waste  heat  of  the  furnace,  and  provision  is  made  for  feed- 
ing the  soda  in  a  regulable  stream  into  the  retort  at  the  proper 
time.  In  connection  with  the  retort  there  is  a  condenser  for  the 
sodium,  and  also  a  trapped  pipe  at  the  bottom,  through  which  the 
accumulated  carbonate  may  be  allowed  to  pass  out  of  the  retort. 

The  retort  is  charged  at  starting  with  50  kilos  (110  pounds)  of 
charcoal  or  coke,  and  when  this  has  been  brought  to  bright  incan- 
descence, the  valve  controlling  the  access  of  the  soda  is  opened, 

1  ince  the  date  of  this  paper,  the  author  is  infomied  that  the  procees  has 
been  abandoned,  and  thai  a  new  process  based  on  the  electrolytic  method  is 
now  in  use  at  the  Oldbtiry  works.  , 
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and  the  fused  alkali  is  permitted  to  tlow  into  the  retort  and  upon 
the  glowing  carbon.  The  reaction  begins  at  once,  and  the  sodiam 
distilling  over,  is  caught  in  the  condensing  chamber. 

The  feed  of  the  alkali  is  controlled  by  an  attendant  who  judges 
of  the  quantity  to  be  admitted  by  the  appearance  of  the  flame  of 
the  gases,  which  burn  at  the  outer  orifice  of  the  condenser.  The 
process  goes  on  continuously  until  the  charge  of  carbon  in  the  re- 
tort is  nearly  spent,  the  heat  abstracted  from  it  as  the  reaction 
proceeds,  being  restored  by  the  heat  supplied  to  the  exterior 
of  the  retort  from  the  furnace,  which  is  kept  constantly 
fired. 

When  the  carbon  in  the  retort  shows  signs  of  exhaustion,  the 
flow  of  soda  is  checked,  the  retort  is  charged  afresh  with  char- 
coal, aud  when  this  has  been  brought  up  to  the  right  heat  the 
operations  just  described  are  repeated. 

In  Netto's  process,  as  in  Castner's,  it  is  found  necessary,  in 
order  to  avoid  the  rapid  destruction  of  the  retorts,  to  maintain 
the  heat  of  the  retort  and  contents  only  slightly  above  that  required 
for  the  decomposition  of  sodium  hydrate  by  carbon,  which 
requires  only  a  full  red  heat  to  deliver  sodium  freely,  and  has  the 
economic  advantage  of  permitting  the  use  of  crucibles  or  retorts 
of  cast-iron.  The  reaction  of  sodium  hydrate,  however,  as  I  have 
already  intimated  in  the  consideration  of  Castner's  process,  is  not 
complete,  but,  according  to  the  heat  of  the  charge,  aud  to  some 
extent,  perhaps,  by  the  manner  in  which  the  component  parts  of 
the  charge  are  brought  into  contact,  a  varying  proportion  of  the 
hydrate  is  always  converted  into  carl>onate,  which  can  only  be 
decomposed  at  a  temperature  approximating  that  of  white  heat. 

In  Castner's  process  the  yield  of  soda,  as  we  learned,  is  about  30 
per  cent,  of  the  theoretical ;  in  Netto's  it  amounts,  according  to 
the  most  reliable  data  I  have  at  hand,  only  to  20  per  cent.  It 
appears,  therefore,  that  80  per  cent,  of  the  sodium  charged  into 
the  retort  in  the  form  of  caustic  soda,  is  converted  into  carbonate. 
This  carbonate,  after  the  operation  of  the  retort  is  once  estab- 
lished, is  permitted  to  discharge  itself  automatically  through  a 
siphon,  provided  at  the  bottom,  and,  after  re-conversion  into 
caustic  by  treatment  with  lime,  is  ready  to  serve  for  another 
operation. 

The  advantage  of  Netto's  process,  as  compared  with  Castner'a- 
lies  in  the  fact  that  the  former  is  continuous — at  least  approxim, 
ately  so — a  feature  which  permits  of  a  large  saving  in  the  cost  of 
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labor  for  the  same  atnouut  of  output,  since  it  dispenses  with  tlie 
frequent  withdrawal,  cleaning  out,  recharging  and  returning  of 
crucibles  to  the  furnace,  incidental  to  the  latter ;  furthermore,  the 
conditions  under  which  the  Netto  process  is  operated  are,  other 
things  being  equal,  more  favorable  to  the  economical  use  of  the 
fuel.  Nevertheless,  so  thoroughly  is  every  detail  of  the  Castner 
process  carried  into  practice,  that  the  cost  of  production  by  the 
two  processes  is  probably  almost  the  same.  I  have  no  precise 
information  as  to  the  actual  cost  of  sodium  by  Netto's  process, 
but,  if  the  selling  price  may  be  considered  as  a  reliable  indica- 
tion, the  opinion  just  expressed  is  substantially  correct. 

It  may  be  unwarranted,  in  the  face  of  what  has  already  been 
accomplished  in  this  branch  of  the  chemical  industry,  to  antici- 
pate still  further  ai)d  greater  advances  in  the  direction  of  dimin- 
ished cost  of  production,  but  the  recent  history  of  aluminium 
should  prove  a  warning  to  him  who  may  be  inclined  to  play  the 
role  of  Sir  Oracle ;  and  this  warning  applies,  in  my  judgment, 
with  special  force  to  the  sodium  problem,  as  I  will  endeavor  to 
show. 

As  comparison  is  the  most  instructive  form  of  illustration,  I 
will  ask  your  attention  to  the  following  parallel,  by  which  I  wish 
to  exhibit  how  very  wasteful  the  present  representative  processes 
for  sodium  appear;  and  also,  by  comparison  with  other  metallur- 
gical processes,  how  far  we  should  be  able  to  improve  upon  them 
by  the  intelligent  application  of  well-known  principles;   to  wit: 

Starting  from  the  reaction  which  most  clearly  represents  what 
takes  place  in  the  retorts  of  Castner  and  Netto,  namely  : 

ZNa  0  U^C=Na^  C  C^+3  H+Na, 

and  assuming  that  the  partial  conversion  into  carbonate  of  the 
sodium  contained  in  tlie  caustic  and  the  liberation  of  only  ^  of 
the  metal  at  one  operation,  afford  practical  advantages  on  account 
of  the  moderate  temperature  at  which  the  reactions  take  place, 
the  following  conclusions  may  be  stated. 

The  molecular  weight  of  the  3  NaOH  in  the  preceding  for- 
mula is  120  ;  that  of  the  carbon  12  (the  ratio  between  them  being 
as  10  :  1.)  Assuming  that  the  heat  necessary  to  cause  the  fore- 
going reactions  to  take  place,  has  been  supplied,  one  pound  of 
carbon  interacting  with  10  pounds  of  caustic  soda  (containing 
5.75  pounds  metallic  sodium)  should  yield  : 

1.92  pounds  sodium  metal  and  ^  , 

3.83  pounds  sodium  in  the  form  of  carbonate.  /^OOglC 
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(The  value  of  this  carbonate  should  properly  be  credited  by  de- 
ducting it,  less  the  cost  of  re-converting  into  caustic,  from  the 
cost  of  raw  material.     This  credit  will  appear  later.) 

As  that  portion  of  the  reaction  which  results  in  the  production 
of  the  carbonate  is  exothermic  (i.  e.^  one  which  liberates  heat),  its 
influence  on  the  question  of  the  heat  involved  may  be  ignored. 

One  pound  of  carbon  at  the  temperature  of  reduction  yields  in 
round  numbers  two  pounds  of  sodium.  To  this  must  be  added 
the  carbon  necessary  to  heat  the  retort  and  its  contents  to  the 
reduction  temperature,  and  to  maintain  it  at  that  temperature 
while  the  reaction  is  taking  place.  The  conditions  of  practice 
are  so  complex  as  to  render  any  theoretical  estimate  of  this  factor 
of  no  value.  We  shall  be  quite  safe,  however,  in  accepting  as  a 
guide  the  figures  actually  obtained  in  practice,  in  the  reduction 
of  another  oxide  with  carbon,  i.  e,j  the  oxide  of  iron,  the  data 
concerning  which  have  been  so  carefully  observed  that  we  can 
hardly  go  astray. 

In  modem  blast  furnace  practice  one  pound  of  carbon  suflSces 
for  the  reduction  of  one  pound  of  iron.  The  reactions  in  the  iron 
furnace  may  be  explained  by  assuming,  first,  the  formation  of 
carbonic  oxide  by  the  union  of  the  carbon  with  the  oxygen  of  the 
blast,  thus: 

3  /7+3  0=^  SCO] 

and  the  formation  of  metallic  iron  by  the  interaction  of  this  car- 
bonic oxide  with  the  ore,  thus: 

J^e^  0s-\-SC0=Fe2+SC0i. 

Whether  this  expresses  correctly  the  course  of  the  reactions 
within  the  blast  furnace,  or,  whether  the  reduction  of  the  oxide 
of  iron  is  effected  directly  by  the  carbon,  is  a  matter  of  indifference 
for  the  purpose  of  my  illustration,  since  the  final  result,  i,  e,y  the 
reduction  of  a  metallic  oxide  by  carbon  with  the  aid  of  artificial 
heat  is  the  same  in  the  case  of  both  iron  and  sodium. 

Now,  proceeding  with  the  iron  reaction,  as  I  have  previously 
done  with  sodium,  theory  requires  that  36  pounds  of  carbon  at  a 
certain  heat  shall  reduce  160  pounds  of  ferric  oxide,  yielding  112 
pounds  of  metallic  iron.  One  pound  of  carbon  should  therefore 
yield,  say,  3  pounds  of  iron.  Now,  one  pound  of  carbon,  it  will 
be  remembered,  actually  suffices  for  the  reduction  of  one  pound 
of  metallic  iron,  or  approximately  one-third  of  the  amount  of 
metallic  iron  which  theory  demands.  ^  j 
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It  follows,  therefore,  that  for  every  pound  of  carbon  usefully 
consumed  in  the  reduction  process,  two  pounds  of  carbon  are  con- 
sumed in  heating  the  charge  of  the  furnace  to  the  temperature  at 
which  the  reaction  between  the  residual  carbon  and  the  ferric 
oxide  will  take  place. 

The  comparison  between  the  economy  realized  in  the  produc- 
tion, respectively,  of  iron  and  sodium,  may  now  be  instituted 
with  instructive  results. 

As  previously  pointed  out,  theory  demands  that  one  pound  of 
carbon  at  the  temperature  of  reduction  shall  yield  from  caustic 
soda,  two  pounds  of  sodium. 

From  the  figures  of  fuel  consumption  in  the  published  accounts 
of  Castner's  and  Netto's  processes,  I  have  been  able  to  make  the 
following  estimate,  viz : 

Castner  obtains  one  pound  of  sodium  with  a  consumption  of 
14  pounds  of  fuel. 

Netto  obtains  one  pound  of  sodium  with  a  consumption  of 
11.6  pounds  of  fuel. 

Averaging  these  results,  it  will  appear  that  one  pound  of  carbon 
yields  in  practice  approximately  one-twelfth  of  a  pound  of  sodium 
where  theory  demands  two  pounds.  The  conclusion  is  at  hand, 
therefore,  that  of  the  12  pounds  of  carbon  required  for  one  pound 
of  sodium  |Jths,  (or  11.5  pounds),  are  consumed  in  the  work  of 
heating  and  maintaining  the  retort  and  its  contents  to  the 
temperature  of  reduction. 

The  iron  furnace,  as  previously  calculated,  requires  but  two 
pounds  of  fuel  for  this  work,  therefore,  the  latter  is  approximately 
SIX  times  as  economical  in  respect  of  heat  utilized,  as  the  sodium 
furnace. 

The  comparison,  I  believe,  is  a  fair  one,  and  the  conclusion  is 
justified  therefrom  that,  by  the  application  of  heat  with  the  same 
economy  is  realized  in  blast  furnac^e  practice,  the  cost  of  sodium 
could  be  reduced  to  about  one-fourth  of  the  present  figures. 

Taking  Mac  Tear's  estimate  of  the  cost  of  the  Castner  process, 
namely,  S^  d.  (16^  cents,)  and  allowing  2^  cents  per  pound  as  a 
standing  charge  for  the  caustic,  the  fuel  saving  indicated  above 
would  bring  the  cost  of  the  metal  to  the  very  low  figure  of  5  cents 
per  pound. 

Assuming,  now,  that  we  operate  on  an  aluminium  fluoride 
with  the  cheap  sodium  just  obtained,  the  final  products  will  be 
aluminium  metal  and  sodium  fluoride.     From  the  latter  product, 
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by  a  process  like  that  of  Heir  Grabau  of  Hanover,  or  by  several 
other  available  processes  analogoas  to  it  in  general  features,  the 
alamittium  fluoride  almost  chemically  pure,  may  readily  be  re- 
generated, thus  oflfering  the  material  for  the  continued  operation 
of  the  reducing  process,  and  at  a  cost,  I  feel  assured,  that  will 
compare  favorably  with  that  of  anhydrous  alumina  prepared  from 
beauxite,  which  is  the  source  of  the  aluminium  manufactured  by 
the  electrolytic  methods  of  Hall,  Minet  and  Herault. 

Furthermore,  a  simple  series  of  reactions  could  readily  be  made 
available,  by  which  not  only  the  fluoride  would  be  regenerated 
in  the  form  of  aluminium  fluoride,  but  the  sodium  also  would  be 
recovered  in  the  form  of  caustic  soda,  which  last  would  furnish 
the  raw  material  for  the  production  of  more  sodium. 

Allowing  for  the  unavoidable  losses  in  operations  of  this  kind 
conducted  on  the  large  scale,  it  is  not  an  extravagant  estimate  to 
assume  that  75  per  cent,  of  the  sodium  could  thus  be  recovered 
after  it  had  served  the  purpose  of  reacting  on  aluminium  fluoride. 

The  regeneration  of  the  sodium  by  some  such  method  as  I 
have  here  outlined,  I  need  scarcely  add,  would  mean  another  no- 
table reduction  in  the  cost  of  sodium  metal,  since  it  would  mean 
supplying  a  large  proportion  of  the  raw  material  needful  in  its 
manufacture  at  perhaps  one-half  of  its  market  price. 

Assuming  that  this  item  of  saving  represents  one-fourth  of  the 
cost  of  manufacture,  the  figure  previously  named  (5  cents)  would 
be  reduced  to  3i  cents. 

The  realization  of  these  economic  conditions  on  the  industrial 
0ca]e,  of  the  feasibility  of  which  I  feel  assured,  would  place  the 
metallurgical  methods  again  in  a  position  to  compete  advanta- 
geously with  the  electric. 

On  the  basis  of  these  facts  and  inferences  let  me  present  you 
with  an  interesting  comparison. 

Capt.  Alfred  E.  Hunt,  in  a  lecture  recently  delivered  before 
the  Boston  Society  of  Arts,  gave  an  estimate  of  the  probable  cost 
of  manufacturing  aluminium  by  the  electrolytic  method  prac- 
ticed by  the  Pittsburgh  Reduction  Company,  of  which  he  is  the 
head.  This  estimate  is  based  on  the  assumption  that  the  manu- 
facture shall  be  conducted  on  a  scale  of  much  greater  magnitude 
than  at  present,  and  with  the  cheapest  source  of  power,  namely, 
water  power. 

Apropos  to  this  estimate  of  Capt.  Hunt,  I  wish  to  remark  that 
it  has  afforded  me  a  most  interesting  subject  for  study,  and  I  de* 
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sire  here  to  declare  my  conviction  that  it  is  in  no  single  item  ex- 
aggerated on  the  side  of  economy.  Kespecting  one  of  the  figures 
named — that  of  the  cost  of  water  power — I  entertained  at  first 
some  doubts  as  to  its  accuracy,  and  to  satisfy  myself  on  the  point 
I  presented  the  inquiry  to  my  friend,  Prof.  Coleman  Sellers,  an 
engineer  of  wide  experience  and  at  present  one  of  the  Board  of 
Consulting  Engineers  to  the  Cataract  Construction  Co.,  which  is 
engaged  in  the  important  work  of  utilizing  on  a  grand  scale  the 
water  power  of  Niagara  Falls. 

I  will  take  the  liberty  of  quoting  to  you  from  a  letter  which  I 
received  from  him  some  data  covering  the  subject  of  my  ques- 
tion: 

*^  Almost  all  the  existing  examples  of  water  power  are  depen- 
dent upon  accumulation  of  water  in  reservoirs  created  by  erect- 
ing dams  across  existing  rivers  and  so  accumulating  water  and 
distributing  it  by  canal  to  the  water  wheels,  as  at  Holy  ok  e,  Law- 
rence and  our  own  Schuylkill  River.  The  water  power,  for  in- 
stance, of  the  Schuylkill  and  sold  by  the  Schuylkill  Navigation 
Co.,  was  quite  limited  in  its  amount  and  is  already  exhausted  and 
it  may  be  assumed  to  be  somewhere  in  the  neighborhood  of  $30 
or  $35  per  horse  power  per  annum,  for  day  use  only. 

"  These  water  powers  are  generally  sold  either  by  day  use  or 
by  24  hour  use,  and  for  the  purpose  of  metallurgical  reductions  it 
would  probably  be  required  on  the  24  hour  basis. 

"  The  difficulty  about  getting  at  the  cost  of  these  water  powers 
is  the  uncertain tv  of  the  continuance  of  the  dams  that  are  built  to 
retain  the  water.  These  are  liable  to  decay  and  deterioration  and 
sudden  freshets  often  destroy  them  entirely,  involving  heavy 
costs  that  are  not  known  until  the  event  occurs.  The  exceptional 
case  of  Niagara  presents  an  absolutely  unfailing  water  power 
that  does  not  vary  the  year  round.  The  difficulty  in  the  way  of 
its  use,  however,  consists  in  the  extreme  width  of  the  breast  of 
the  dam  and  the  necessity  for  carrying  the  water  through  a  long 
surface  canal  to  the  lower  chasm  where  it  is  to  be  used,  or  the 
digging  of  the  tunnel  as  a  tail-race  to  carry  away  the  water  that 
has  been  used  from  the  wheels  or  other  motors. 

"  A  canal  was  built  about  40  years  ago  which  is  still  in  use, 
that  carries  about  6,000  horse  power  to  the  lower  river,  but  this 
amount  of  power  has  already  been  more  than  exhausted  by  users 
who  availed  themselves  of  it,  and  its  further  extension  by  that 
method  would  be  very  costly.  \r\n\o 

*^  *'  Digitized  by  VjOOvIC 


408  WAHL  ON  THE  FUTURE  OF  ALUMINIUM  [May  21, 

"  The  present  scheme  of  utilizing  Niagara  Falls  hy  the  com- 
pany in  which  I  am  interested,  is  by  means  of  a  tail-race  tunnel 
under  the  town  of  Niagara  and  the  preliminary  work  now  being 
done,  when  completed,  in  about  a  year,  wikl  throw  into  the  mar 
ket  about  12),000  horse  power  that  may  be  said  to  be  absolutely 
permanent  and  endurable,  and  capable  of  being  worked  for  24 
hours  in  the  day. 

"  It  is  premature  to  say  what  this  power  will  bring  in  the  mar- 
ket, but  it  is  the  only  example  I  know  of,  where  water  power  can 
be  counted  on  as  absolutely  stable  and  hot  liable  to  any  disturb- 
ance or  delay  and  where  the  price  will  be  comparatively  low. 

"  I  should  think  that  you  might  safely  say  that  it  presents 
the  possibility  of  power  being  obtained  at  less  than  half  of  what 
it  would  cost  in  any  other  known  case,  taking  into  consideration 
all  contingencies.  Small  amounts  of  power  may  be  obtained 
from  streams  of  water  of  a  reasonable  degree  of  stability  and  far 
away  from  existing  markets  as  low  probably  as  $4  or  $5  per 
horse  power  per  annum,  but  this  is  subject  to  the  risk  before 
mentioned. 

"  It  is  not  alone  the  mere  cost  of  water  power  that  must  be 
considered,  but  in  a  case  like  this  it  is  the  continuance  or  perman- 
ency of  the  power  that  will  give  it  its  value,  and  that  power  will 
be  the  most  valuable  that  is  liable  to  the  least  fluctuation  either 
in  quantity  or  cost. 

"  I  do  not  think,  however,  that  it  will  be  safe  for  you  to  predi- 
cate the  value  of  metal  produced  upon  anything  short  of  about 
$15  per  horse  power  per  annum,  for  24  hour  power,  and  that  in 
very  large  quantities,  while  perhaps  $20  per  horse  power  per  an- 
num would  cover  all  contingencies." 

Taking  the  estimate  of  $20  per  horse  power  per  annum  as 
sufficient  "  to  cover  all  contingencies,"  we  would  have  as  the  cost 
of  one  horse  power  per  hour  0.238  cents  (or  say  about  one-fourth 
of  a  cent.) 

This  would  give  for  22  horse  power  5^  cents,  and  for  22  elec- 
trical horse  power,  allowing  10  per  cent,  for  loss  in  the  conversion, 
six  cents.  Capt.  Hunt  allows  live  cents  for  his  power,  which,  con- 
sidering that  the  figure  named  by  Prof.  Sellers  is  obviously 
intended  to  be  liberal,  I  feel  satisfied  is  a  fair  one.  This  item  of 
Capt.  Hunt's  estimate  is  the  only  one  respecting  which  I  have 
at  any  time  entertained  any  doubts,  and  I  have  been  so  impressed 
in  reading  his  admirable  lecture,  with  the  carefulness  and  accuracy 
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of  bis  statements  and  his  evident  desire  to  avoid  any  suspicion  of 
exaggeration,  that  1  am  qnite  prepared  to  accept  the  other  figures 
which  are  based  on  the  experience  gained  in  the  practical  working 
of  his  company's  plant. 

Kesuming  the  thread  of  my  discourse  after  this  slight  digres- 
sion, I  beg  your  attention  to  the  parallel  to  which  I  alluded. 
Capt.  Hunt's  estimate  of  the  capabilities  of  the  electrolytic 
method  of  producing  aluminium  on  the  largest  scale  is  as 
follows  : 

Bt  thb  Elbctrolttic  Method, 
cost  op  producu(6  onb  poumd  op  aluminium. 

2  lbs.  alumina  (contains  52.94  per  cent.  Al^)  at  3  cents 06 

1  lb.  carbon  electrodes,  at  2  cents. 02 

Chemicals,  carbon  dust  and  pots 01 

22  B.  H.  p.  for  1  hour  (water  power)  06 

Labor  and  superintendence        0;i 

General  expense,  interest  and  repairs 08 

$0.20 
In  presenting,  by  way  of  comparison,  the  possible  figures  of  a 
metallurgical  method,  conducted  on  the  same  extensive  scale  and 
on  the  lines  of  my  previous  comments  and  explanations,  I  will 
assume  that  that  the  cost  of  the  last  two  items  of  the  foregoing 
estimate  will  be  the  same,  an  assumption  which  may  be  made 
with  safety. 

Referring  now  to  the  preceding  data,  we  will  have 

Bv  THB  Mbtaixuroical  Mbthod. 
COST  op  produciko  one  pound  op  aluminium. 

ai  lbs.  AI2  Fq  (containing  82.7  per  cent.  AI2),  at  8  cents 09f 

2i  lbs.  sodium,  at  8f  cents 09| 

Labor  and  superintendence 08 

General  expense,  interest  and  repairs 08 

Total $0.26i 

I  think  that  I  have  presented  in  the  foregoing,  the  capabilities 
of  the  sodium  process  within  entirely  reasonable  bounds.  I 
admit,  however,  that  I  have  made  the  best  possible  showing  for 
the  metallurgical  side,  except  in  respect  of  the  last  two  items,  in 
connection  with  which,  metallurgical  operations  should  show  an 
appreciable  advantage  over  the  electrolytic  and  may  bring  the 
totals  of  the  two  estimates  practically  to  an  equality. 

The  second  available  compound  named  as  a  possible  source  of 
aluminium  by  chemical  methods  is  the  sulphide,  including  therein, 
of  course,  the  double  sulphide  with  sodium  or  other  alkaline 
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metal.  I  refer  to  it  only  because  of  the  fact  that  its  use  for  the 
purpose  was  originally  suggested  by  one  of  the  ablest  chemical 
engineers  of  our  day,  the  late  Mr.  Walter  Weldon.  Thus  far, 
however,  nothing  has  been  accomplished  with  it,  and  though  it 
may  possibly  be  made  to  serve  to  advantage  in  electrolytic 
methods,  I  am  satisfied  that  the  probabilities  are  very  slight 
indeed,  that  it  will  ever  prove  suflBiciently  useful  as  a  source  of 
aluminium,  to  be  able  to  compete  with  other  chemical  methods. 

Not  only  is  its  manufacture  attended  with  unusual  difficulties, 
but  its  reduction  also,  so  far  as  I  am  able  to  judge  from  personal 
experience,  cannot  be  aflEected  as  readily  as  that  of  the  chlorides 
and  fluorides,  and  the  resulting  product  is  much  less  pure  than 
that  obtained  from  the  other  aluminous  compounds  just  named. 

The  sulphide,  I  believe,  is  much  better  adapted  for  the  pro- 
duction of  aluminium  alloys  than  for  aluminium,  but  the  diffi- 
culty of  obtaining  the  product  free  from  serious  contamination  is 
probably  the  reason  why  the  sulphide  method  has  never  made  a 
record  for  itself. 

I  consider  tlie  case  of  the  sulphide  from  the  metallurgical 
point  of  view,  to  be  so  impracticable  as  to  be  hopeless. 

Tl)e  tliird  aluminium  compound,  which  the  metallurgist  may 
hope  to  make  available  as  a  source  of  cheaper  aluminium,  is  the 
oxide.  Considering  the  subject  from  the  chemical  standpoint,  I 
am  persuaded  that  the  attack  upon  the  problem,  with  this  com- 
pound as  a  starting  point,  offers  even  greater  possibilities  of  ulti- 
mate success  tlian  the  sodium-and-fluoride  method  we  have  just 
passed  over,  and  for  the  reasons,  that  it  involves  tlie  possible  ap- 
plication of  the  cheapest  of  all  reducing  agents — carbon — in  the 
production  of  the  metal,  and  the  employment  of  much  more  di- 
rect methods  and  simpler  and  less  expensive  apparatus  than  is 
demanded  by  the  method  with  sodium. 

The  fundamental  fact  that  alumina  can  be  reduced  to  the  me- 
tallic state  by  carbon,  is  established.  It  is  proved  beyond  perad- 
venture  by  the  operation  of  the  electric  furnace  of  the  Cowles 
Bros.,  in  which  heat,  developed  by  the  transformation  of  electric 
energy  upon  the  passage  of  the  electric  current  through  a  frag- 
mental  resistance  material  of  carbon  and  alumina  (with  copper  or 
other  metal  present  as  a  solvent),  is  known  to  be  the  principal 
agency  in  eflfecting  the  reduction.  The  same  action  most  prob- 
ably takes  place,  to  some  extent,  in  the  operation  of  the  Herault 
furnace,  and  certainly  does  so,  if  the  statement  can   be  verified 
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that  the  output  of  this  furnace  is  greater  than  can  be  accounted 
for  by  simple  electrolytic  action. 

The  reduction  of  alumina  by  carbon,  therefore,  may  safely  be 
stated  to  be  simply  a  problem  of  temperature,  and  this  tempera- 
ture is   probably  not  far  above  the  fusion   point  of  alumina. 

This,  unfortunately  for  the  practicability  of  the  direct  reduc- 
tion process  lies  enormously  high,  so  high,  indeed,  that  it  does 
not  admit  of  instrumental  measurement,  but  can  only  be  approx- 
imately estimated  as  somewhere  between  2000®  and  26(»0°  C,\  a 
point  which  cannot  be  reached  save  by  the  intervention  of  elec- 
tric heating. 

There  is  an  alternative,  however,  that  offers  a  ray  of  hope  to 
the  chemist.  There  are  other  methods  besides  that  of  fusion  for 
obtaining  alumina  in  the  state  of  a  liquid.  We  have,  at  least 
there  are  very  good  reasons  to  believe  that  we  have,  solvents  for 
alumina,  and  if  the  condition  of  fluidity  is  as  important  a  factor 
as  it  is  believed  to  be,  in  inducing  chemical  reactions,  we,  have 
the  possibility  open  to  us  of  establishing  conditions  favorable  to 
the  reduction  of  alumina  by  carbon,  at  temperatures  perhaps  far 
below  the  fusion  point  of  alumina. 

The  .fluorides  of  the  alkalies  and  the  alkaline  earths,  we  have 
reason  to  believe,  dissolve  alumina  freely,  and  there  are  other 
compounds  into  which  alumina  enters  that  may  be  dissolved  in 
the  proper  menstrua. 

Here  is  the  vulnerable  spot  in  the  armor  with  which  that  in- 
tractable substance  is  surrounded,  and  by  concentrating  his  attack 
upon  it  the  chemist  may  yet  succeed  in  piercing  it.  Whether 
by  this  mode  of  attack  he  will  be  able  to  produce  aluminium  di- 
rectly is  gravely  doubtful  in  the  light  of  our  present  experience. 
I  can  only  affirm  my  belief  that  the  thing  is  within  the  range  of 
possibility.  On  another  point,  however,  I  can  speak  more  confi- 
dently, namely,  as  to  to  the  practicability  of  producing  the  alloys 
of  aluminium  by  some  such  method.  Of  this  I  have  not  the 
slightest  doubt.  \  I  will  go  even  farther,  and  venture  a  prediction 
that  in  the  near  future  the  alloys  of  aluminium  will  be  produced 
at  least  as  cheaply  by  chemical  methods  as  by  the  present  elec- 
trical methods. 

I  have  now  passed  over  the  ground,  though  hastily,  that  I  had 
mapped  out  for  my  discourse  u]>on  this  most  fascinating  technol- 
ogical problem.  I  have  thought  that  by  presenting  tlie  aspects 
of  the  problem  from  the  chemist's  standi)oint  t|^SzeS^)y9^\59fly 
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be  made  more  interesting  to  a  representative  body  of  electricians^ 
such  as  the  one  I  liave  the  honor  of  addressing. 

Briefly  summarized  the  case  stands  tlius: 

The  processes  in  which  electricity  is  applied,  either  for  the 
direct  reduction  of  aluminium  by  electrolysis  or  as  the  agency  for 
producing  the  heat  required  to  eflPect  its  reduction  by  chemical 
reactions,  have  outstripped  the  metallurgical  methods  in  the  race 
for  supremacy  and  have  taken  a  decided  lead. 

Within  the  past  two  years  the  metallurgical  processes  as  repre- 
sented by  the  improved  methods  of  Castner,  Netto,  Grabau,  and 
others  of  less  renown,  have  been  forced  to  abandon  the  field  to 
the  electrical  methods  of  Hall,  Minet,  Cowles  and  Herault. 

In  one  brief  lustrum  to  have  overtaken  and  gained  the  mastery 
— ^though  it  should  prove  to  be  but  temporary — over  a  champion 
so  redoubtable  as  the  chemist,  who  has  been  striving  for  the  glit- 
tering prize  through  half  a  century  of  toilsome  progress  and  in- 
diflEerent  success,  is  an  achievement  of  which  the  electrician  may 
well  be  proud.  It  behooves  him  though  to  look  well  to  his 
freshly-earned  laurels,  for  his  victory  will  stimulate  his  rival  to 
renewed  exertions. 

But  let  our  sympathies  incline  this  side  or  that,  if  the  outcome 
shall  be — and  I  am  persuaded  it  will  speedily  be — the  final  solu- 
tion of  the  aluminium  problem,  we  may  rejoice  in  common,  for 
in  the  victories  of  peace,  the  vanquished  share  with  the  victors  in 
the  spoils  of  the  battle. 

I  thank  yon,  Mr.  President,  and  Gentlemen  of  the  Institute^ 
for  your  attention. 


Discussion.^ 

Prof.  Thomson  : — I  am  sure  the  thanks  of  the  Institute  are 
due  Dr.  Wahl  for  the  admirable  exposition  of  the  aluminium 
question  from  the  chemist's  side.  I  have  listened  with  the  great- 
est interest  to  the  statements  and  arguments  put  forward,  and  I 
do  hope  indeed  that  the  chemist  will  come  to  the  top,  even  to  the 
sacrifice  of  the  electrical  part  of  the  question.  There  is  a  source 
of  heat,  it  has  occurred  to  me  during  the  reading  of  the  paper, 
which  has  been  neglected  and  which  might  probably  be  turned 
to  account  in  this  direction,  and  that  is  the  mere  concentration  of 
the  sun's  heat  by  large  mirrors  and  lenses.  The  temperature  is, 
of  course,  almost  that  of  the  sun  itself  and  will  certainly  fuse  alu- 


1.  By  Messrs.   ThomsoD,  Crocker.   Vnndcr  Wevdc,   Waldo,    Weston  and 
Oberlin  Smith.  T^ 

Digitized  by  VJi^^^V  LC 


1891.]  DISCUSSION.  413 

mina,  and  we  will  get  it  at  simplpr  the  cost  of  the  use  of  the  ap- 
paratus on  a  8unny  day.  This  is  simply  an  idea  which  now  oc- 
curs and  which  may,  of  course,  be  shown  to  be  fallacious,  but  at 
the  same  time  I  can  imagine  an  enormously  large  lens  or  mirror 
which  brings  its  rays  to  a  focus  at  the  bottom,  as  it  were,  of  a 
deep  crucible,  so  as  to  have  our  material  there  subjected  to  that 
cheapest  heat  of  the  sun  from  which  all  our  heat  is  derived 
through  a  series  of  changes  which  involve  great  losses. 

The  Chairman  : — In  this  connection  I  would  say  that  I  happen 
myself  to  have  heard  of  such  a  process.  A  gentleman  told  me 
that  he  was  building  such  an  apparatus.  I  do  not  know  how  far 
he  has  gone,  or  whether  he  has  any  results.  But  he  certainly  in- 
tended at  any  rate  to  put  that  method  into  practical  use.  There 
is  no  doubt  about  the  possibilities  of  hiajli  temperature  and  its 
cheapness.  By  such  a  method  I  think  myself  that  there  is  abso- 
lutely no  question  about  the  possibility  of  reducing  aluminium  by 
carbon  alone  provided  we  have  the  temperature.  I  think  the  ar- 
gument that  carbon  has  insufficient  cnemical  affinity  to  draw 
oxygen  away  from  aluminium  is  fallacious  because  in  the  first 
place,  as  Dr.  Wahl  says,  the  Cowles  process  is  a  proof  that  suffi- 
cient tempemture  will  reduce  aluminium,  because  I  do  not  con- 
sider that  the  action  there  is  electrolytic  at  all.  In  the  second 
f)lace,  carbon  can  reduce  sodium  and  potassium,  which  are  simi- 
ar  in  their  affinities  to  aluminium.  It  seems  to  be  simply  a 
question  of  temperature.  Carbon  has  the  peculiar  property  of 
developing  high  relative  chemical  affinity  for  oxygen  at  high  tem- 
peratures. If  temperature  and  carbon  are  all  that  are  needed,  the 
sun  and  ordinary  carbonaceous  material  will  certainly  make  a 
very  cheap  process  for  reducing  aluminium.  But  the  ])roduction 
of  that  temperature  by  anytliinji:  but  electricity  or  the  sun's  heat 
seems  to  me  very  unlikelj^.  Ts"o  other  temperatures  reach  near 
that  point  nor  is  there  any  likelihood  of  their  reaching  it.  Regen- 
erative furnacL's  produce  very  high  temperatures,  but  not  high 
enough  for  this  purpose.  Of  course,  the  principle  of  regenera- 
tive furnaces  might  allow  us  to  reach  very  high  temperatures, 
but  I  doubt  if  they  would  be  sufficient. 

Db.  Wahl  : — In  connection  with  this  portion  of  the  discussion 
I  desire  to  say  that  while  I  have  no  doubt  that  the  reaction  in  the 
Cowles  furnace  is  to  some  extent  an  electrolytic  action,  I  am  of 
the  opinion  that  it  is  principally  what  I  have  described  it  to  be 
(and  what  I  believe  it  is  generally  accepted  to  be)  — a  reduction 
by  the  excessive  lu»at  which  can  he  produced  in  the  electric  fur- 
nace— purely  a  chemical  reaction  effected  by  the  enormous  heat 
generated  by  the  passage  of  the  current  through  the  resistance 
material  of  the  charge.  But  what  actually  takes  place  in  the 
Cowles  furnace  or  in  the  Ilerault  furnace  it  would  be  liazardous 
to  affirm.  I  would  not  wish  to  have  myself  quoted  as  making 
any  positive  statement.  The  conditions  existing  therein  must 
be  exceedingly  variable.      We  may  interrupt  the[jf^p^j*^|;igj,i,^^^gpWle 
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way  and  find  one  state  of  things,  and  stop  at  another  stage  of  the 
operation  and  find  something  quite  different.  It  is  probably  safe 
to  describe  the  operation  as  partly  electrolytic  and  partly  chemi- 
cal. As  to  the  possibility  of  obtaining  a  suflBiciently  high  tem- 
perature, directly,  with  tlie  aid  of  electric  heating,  I  think  it  is 
impossible. 

Dr.  Vander  Weyde  : — It  was  suggested  to  use  the  direct  rays 
of  the  sun.  I  wish  to  remark,  however,  that  the  direct  rays  of 
the  sun  are  not  at  onr  disposal  always.  If  we  use  electricity  it  is 
always  at  onr  disposal  and  where  does  it  come  from  ?  From  the 
fuel  which  we  owe  to  the  sun.  It  is  only  a  roundabout  way  of 
getting  it  from  the  sun.     Electricity  we  owe  to  the  sun. 

I)r  Waldo: — I  suppose  that  I  might  fairly  be  put  in  the 
opposition.  I  am  one  of  those  unfortunate  individuals  that  have 
to  use  aluminium  I  am  very  much  reminded  of  a  remark  that  a 
lady  friend  made  to  me,  after  I  had  gotten  off  an  essay  on  the 

r resent  delightful  condition  of  the  world.  She  said,  "  Dr.  Waldo, 
am  not  so  much  concerned  with  the  world  as  it  is,  as  with  the 
world  as  it  ought  to  be."  In  regard  to  aluminium,  I  began  my 
contemplation  of  the  problem  some  three  years  ago,  and  I  have 
been  contemplating  it  pretty  steadily  ever  since,  and  the  amount 
of  misinformation  respecting  the  properties  of  impure  aluminium 
which  has  been  printed  has  made  me  tired.  There  are  certain 
conditions  of  shop  practice  which  belong  to  that  perception  of  the 
human  mind  which  goes  centuries  ahead  of  the  actual  explana- 
tions of  science.  No  one  ever  supposed  that  Stradivarius  knew 
why  he  built  his  violins  so  that  tiiey  would  give  tone  pictures 
that  would  last  for  all  time.  But  Stradivarius  had  a  certain  shop 
knowledge,  and  it  took  two  centuries  to  produce  a  Helmholtz  to 
give  a  scientific  basis  for  that  shop  knowledge.  Aluminium  is  a 
material  of  structural  engineering  and  the  conditions  of  purity  to 
which  it  must  conform,  are .  based  on  those  ideas  which 
belong  to  the  shop  and  seldom  behmg  to  the  laboratory.  If 
our  mills  accept  the  specifications  from  men  who  know  about 
copper  wire  we  are  required  to  guamntee  that  the  copper  shall 
have  a  conductivity  of  98  per  cent  If  we  accept  the  specifica- 
tion for  parts  of  machines  of  electrical  engineers,  we  require 
that  they  shall  have  certain  physical  peculiarities  and  the 
materials  which  go  into  our  work  are  sent  to  the  labora- 
tory, and  we  find  that  our  Banca  tin  is  99.9  and  99.92  per  cent, 
pure.  We  find  our  copper  is  90. ft  and  99.9  per  cent.  pure.  We 
find  that  the  zinc  we  use  has  nearly  the  same  high  purity.  Our 
new  works  were  built  at  the  beginning  of  thealuminiimiera  and 
we  did  not  stop  to  think  that  aluminum  was  aluminium  and  we 
bought  freely.  We  bought  many  thousands  of  dollars  worth  of 
metal.  Then  we  began  to  learn  our  lessons  afterwards.  The 
books  and  papers  from  the  laboratories  said  nothing  was  simpler 
than  to  cast  aluminium  bronze.  We  proceeded  to  do  that  very 
simple  thing  of  casting  aluminium  bronze,  aj^f^z^^  USfl5^s?l\?''^ 
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aluminium  bronze  than  any  concern  in  the  United  States.     We 

Soured  it  systematically  and  got  uniformly  unsatisfactory  results, 
ere  are  some  of  the  early  results.  [Showing  some  samples.] 
Here  is  a  section  sawed  right  out  of  the  inside  of  an  experimental 
propeller  wheel.  We  expected  to  get  at  least  Qi^Wi)  pounds  to 
the  square  inch  on  a  direct  pull.  It  was  poured  carefully  as  the 
books  direct— bottom  poured  as  the  books  direct  and  that  was 
the  result.  Nobody  knew  why.  One  of  the  head  casters  thought 
the  metal  was  poured  too  hot,  and  another  thought  it  was  poured 
too  cold,  and  another  said  it  was  not  poured  ri^ht.  [Laughter.] 
But  as  the  result,  we  began  to  learn  about  alummium  and  we  dis- 
covered that  there  is  one  thing  necessary ;  that  is,  that  the  experi- 
ence of  past  centuries  cannot  be  safely  ignored,  because  aluminium 
is  a  new  metal ;  that  if  you  put  silicon  and  put  iron  and  put  all 
the  bye-products  of  a  furnace  into  your  aluminium,  you  will  get 
ftn  unsatisfactory  result  every  time*^ 

Now  the  condition  of  the  aluminium  problem  is  this :  we  have 
two  leading  corporations  intheUnited  States  producing  aluminium. 
The  United  States  government  with  a  sharp  eye  to  the  encourage- 
ment of  all  new  industries  has  promptly  put  a  tariflE  on  aluminium. 
The  two  companies  immediately  get  into  lawsuits,  and  a  judge  of 
the  Court  decides  what  the  price  of  aluminium  shall  be. 

It  takes  a  bright  man  to  predict  that  a  new  process  is  going  to 
be  discovered ;  so  that  in  the  present  condition  of  affairs,  I  do 
not  know  that  the  estimates  that  we  have  listened  to  are  of  very 
great  immediate  value  to  us.  All  of  the  processes  which  depend 
on  the  chlorides,  depend  also  on  the  cost  of  acids  in  this  country 
as  compared  with  their  cost  in  England,  and  while  the  estimates 
we  have  heard  are  quite  correct  so  far  as  the  cost  of  steam  and 
that  sort  of  thing  is  concerned,  the  price  is  likely  to  be  maintained 
relatively  high  in  the  United  States.  But  we  would  not  care  so 
much  for  the  price  if  we  had  the  quality.  Here,  [showing]  is  a 
bar  broken  at  the  United  States  Watertown  Arsenal  machine, 
which  originally  was  just  half  this  length.  It  is  made  of  a  nice 
aluminium,  and  an  aluminium  of  over  99  per  cent,  purity.  It  is 
fatigued  the  whole  length.  It  behaves  just  as  the  material  you 
and  I  want  to  use  in  structural  engineering  should  behave.  The 
same  percentage,  high  in  silicon,  gives  this  result  [showing] — 
broken  short  off ;  a  small  expansion  from  breakage  strains  and 
the  metal  generally  short  and  sharp  for  use.  Here  are  as  large 
sections  as  I  could  bear  to  bring  down  here  of  heavy  castings 
where  the  metal  has  been  turned  and  sawed,  in  order  to  show  the 
structure  of  the  metal.  That  is  a  10  per  cent,  bronze  which,  you 
see,  is  perfectly  solid  [showing  a  solid  section  of  24  square  inches]. 
A  part  of  the  section  is  left  here  entire  that  the  section  may  be 
shown  out  of  which  the  whole  of  the  metal  is  made.  That,  of 
course,  is  the  king  of  bronzes.  There  is  no  known  material,  ex- 
cept steel  of  extraordinarily  good  quality,  which  will  give  you 
the  economical  values  aluminium  bronze  gives  jo^.^^^  ^  vjOOqIc 
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Here  is  the  same  style  of  casting,  but  showinff  the  efEect  of  im- 
proper work  in  the  casting  of  the  metal  in  the  olow-holes  which 
<3onrie  under  the  risers.  This  metal  is  perfectly  sound  otherwise, 
but  under  the  risers  are  these  blow-holes,  which  unfit  it  for  the 
particular  work  for  which  this  was  designed.  But  a  properly 
formed  riser  ffives  you  a  texture  of  this  nature  [showing  a  solid 
ousting  with  different  riser]. 

These  results  are  extremely  important,  because  under  a  proper 
manipulation  of  the  bronze  it  is  possible  not  only  to  give  metal 
•castings  which  are  absolutely  non-porous,  which  will  stand  any 
pressure  up  to  several  thousand  pounds  to  the  square  inch,  but  it 
IB  possible  to  give  them  strengths  running  from  90,000  to  100,000 
per  square  inch  in  the  casting.  But  1  have  taken  pains  to  come 
this  afternoon  because  some  one  from  the  standpoint  of  the  en- 
gineer must  put  on  record  a  distinct  and  emphatic  protest  against 
the  use  of  impure  commercial  aluminium.  It  simply  cannot  be  used 
to  get  good  results  I  mean  it  cannot  be  used  in  our  practice, 
and  its  systematic  advertising  and  use,  results  only  in  a  detriment 
to  the  whole  aluminium  industry. 

Now  to  come  to  the  important  application  of  aluminium  bronze. 
Perfectly  pure  aluminium,  as  you  quite  well  know,  probably  has 
a  conductivity  equal  to  copper,  bulk  for  bulk  and  it  has  three  times 
the  conductivity  of  copper,  weight  for  weight.  I  am  speaking 
now  of  aluminium  which  is  free  from  silicon  and  from  iron.  A 
priori^  therefore,  it  is  the  best  known  metal  for  alloying  with 
copper  in  order  to  give  copper  the  structural  strength  necessary 
for  all  forms  of  electrical  engineering.  But  here  ftie  impurities 
of  silicon  and  iron  come  in  with  a  particularly  damaging  effect. 
The  conductivity  of  the  alloys  of  aluminium  and  copper  as  ordin- 
arily made,  bear  no  relation  whatever  to  the  proportional  bulks 
of  the  metals  themselves.  I  cannot  say  much  on  this  question, 
because  it  is  a  question  which  is  being  very  carefully  investigated 
in  our  own  laboratory.  But  that  is  true,  and  until  the  producers 
of  aluminium  bring  the  aluminium  product  over  98,  99  or  99.9 — 
the  nearer  they  can  come  to  it — the  electrical  engineers  have  got 
to  be  content  with  quite  a  low  conductivity,  both  in  ail  sorts  of 
places  where  metal  is  applied,  and  in  their  wires  where  they  want 
strength,  and  expect  to  ^et  the  conductivity,  but  fail.  I'he  pres- 
ent position  of  the  aluminium  bronze  is  very  closely  akin  to  the 
early  years  of  steel.  I  heard  a  question  asked  of  a  famous  chem- 
ist as  to  whether  he  could  determine  the  carbon  in  steel.  He 
said  :  "  Do  you  really  mean  that  ? "  "I  do,"  was  the  answer. 
The  chemist  said:  ^*I  cannot."  Now  the  analysis  of  copper  is 
in  its  infancy.  I  doubt  whether  any  accurate  man  would  rely  on 
the  determination  of  copper.  But  the  moment  you  add  aluminium 
and  silicon  to  copper  the  question  is  immensely  complicated. 
The  first  real  work,  therefore — ^now  that  we  have  a  supply  of 
reasonably  pure  aluminium,  or  that  we  can  expect  to  get  a  supply 
of  reasonably  pure  aluminium — is  to  be   done  on  the  scientific 
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side  of  the  qnestion.  We  have  got  to  have  accurate  methods  of 
analysis,  and  we  have  got  to  have  a  great  deal  of  work  done  on 
the  mixture  of  copper  and  pure  aluminium,  and  of  aluminiumas 
we  get  it  chemically  united  with  silicon  and  with  iron. 

The  color  of  the  bronze  is  a  royal  color  [showing  specimens]. 
It  is  merely  dipped  in  nitric  acid  to  get  out  all  the  color,  and  you 
will  get  an  idea  from  the  color  on  dipping  it,  what  the  strength 
and  general  value  of  the  metal  is. 

I  tliink,  Mr.  Chairmt^n,  that  is  all  the  comment  I  have  to  make. 
[Applause].  ' 

The  Chairman  : — In  regard  to  the  conductivity  of  the  alloy, 
I  should  doubt  very  much  if  the  average  conductivity  of  its  con- 
stituents, or  any  approximation  to  it  could  be  expected.  For  ex- 
ample, pure  silver  put  into  copper  will  very  seriously  interfere 
with  the  conductivity,  and  pure  silver  is  rated  better  than  copper 
in  conductivity.  That  seems  to  be  a  fatal  fact  about  the  conduc- 
tivity of  alloys,  that  alloying  usually  reduces  conductivity  very 
seriously,  and  the  smallest  percentage  of  alloy  or  impurity — 
whichever  you  may  call  it — has  a  very  great  effect  in  reducing 
the  conductivity. 

Dr.  Waldo  : — Of  course,  we  are  all  familiar  with  the  results 
pronounced  by  Dr.  lifatthiessen — that  metals  are  divided  into 
three  groups ;  the  first,  where  the  conductivity  of  the  alloy  is 
wholly  different  to  that  which  would  come  fn-m  the  relative  vol- 
umes of  the  metals  themselves ;  and  the  second  class  where  the 
alloys  are  exactly  proportional  in  their  conductivity  to  these  vol- 
umes ;  but  that  only  enforces  the  remark  I  just  made.  Those 
results  of  Dr.  Matthiessen  are  dependent  on  early  and  not  very 
precise  methods  of  analysis  of  the  metals  used.  He  neither  knew 
the  purity  of  his  copper  nor  the  reactions  which  take  place  in  the 
melts,  and  the  results  he  ^ave  are  to  be  held  tentatively  for  the 
present.  My  own  belief  m  the  matter  is  somewhat  different,  but 
it  is  founded  on  small  experimental  attempts,  and  I  am  not  yet 
prepared  to  put  these  in  shape  for  discussion.  In  discussing  all 
these  alloys,  the  best  conception  to  have  is,  that  the  alloy  is  a  glass 
rod  transparent  to  electricity.  The  oxides  and  other  things  wnich 
come  in  and  which  are  precipitated  and  act  as  chemical  stains 
stop  the  flow  of  the  current,  and  whether  or  not  the  pure  alum- 
inium and  the  pure  copper  obey  that  law  of  disproportionate  con- 
ductivity, is  a  question  which  I  think  no  one  can  pronounce  on, 
because  I  do  not  think  any  one  has  ever  tried  it  under  the  required 
experimental  conditions.  Many  observers  have  mixed  aluminium 
and  copper  and  determined  the  conductivity  of  the  result,  but 
that  is  a  very  different  thing. 

The  Chairman  : — If  it  is  a  fact  that  aluminium  bronze  or 
alloys  of  aluminium  and  copper  or  other  metals  can  be  made 
which  have  a  conductivity  approximating  the  mean  conductivity 
of  their  constituents,  it  would  certainly  be  a  valuable  thing  in 
electrical  engineering,  a  thing  greatly  to  be  hop^e^J^^r.^^^^ 
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with  Dr.  Waldo  that  the  conditions  under  which  Dr.  Matthiessen 
made  his  tests  in  regard  to  eliemical  and  electrical  methods  and 
instruments  were  so  primitive  that  his  results  are  by  no  means 
final. 

Mr.  Westox  : — I  have  used  aluminium  quite  extensively.  I 
think  Dr.  Waldo  is  mistaken  about  its  conductivity.  I  have 
found  it  to  be  60  per  cent  that  of  copper.  There  is  very  little 
variation  in  the  various  samples  I  have  met  with,  and  that  is 
about  the  average  figure.  Of  course.  I  think  what  Dr.  Waldo 
says  about  the  action  of  small  quantities  of  silicon  or  iron  in 
aluminium  when  mixed  with  copper  to  form  an  alloy,  may  have 
a  very  marked  influence  upon  the  conductivity  »nd  working  of 
the  alloy.  Silicon  has  a  very  marked  influence  on  the  working 
qualities  of  steel,  and  I  thinK  also  on  the  conductivity.  There  is 
another  matter  there  that  probably  might  be  worthy  of  some 
investigation,  it  appears  to  me.  The  copper  of  con:merce  is  com- 
monly assumed  to  be  extremely  pure,  and  within  the  past  f ew^ 
years  there  has  been  a  quality  of  copper  called  temperea  copper 
put  on  the  market,  which  analysis  shows  to  be  substantially  the 
same  as  good  Lake  Superior  copper.  But  when  you  examine  it 
for  conductivity,  it  has  about  t>0  or  75  per  cent,  of  the  conduc- 
tivity of  good  Lake  Superior  copper.  >iow  it  has  occurred  to  me 
that  the  tempered  copper,  which  is  produced  by  a  secret  process, 
so  far  as  I  know,  is  probably  a  mixture  of  copper  and  hydride  of 
copper,  which  was  discovered  by  Wurtz  some  few  years  ago,  and 
is  nearly  as  brittle  as  glass.  A  very  small  percentage  of  that 
hydride  of  copper  added  to  copper  would  have  a  very  marked 
influence,  I  should  think,  on  the  physical  and  electrical  proper- 
ties of  copper.  An  analyst,  unless  he  made  a  very  careful 
examination  of  the  copper,  would  be  likely  to  miss  such  a  thing 
as  a  small  quantity  of  hydrogen  or  hydride  of  copper,  and  hence 
the  published  analyses  of  this  tempered  copper  of  which  we  have 
heard  a  great  deal,  have  not  been  made,  probably,  with  sufficient 
care  to  detect  a  minute  trace  of  hydrogen  or  hydride.  That  is  a 
field  probably  well  worth  exploring  to  find  whether  the  hydride 
of  copper,  which  is  very  probably  formed  in  making  copper,  does 
not  come  into  play  here,  both  in  the  working  properties  and  in 
the  resistance  of  the  alloys  or  of  the  metal  itself. 

Db.  Waldo  : — ^I  would  like  to  say  that  my  own  best  determina- 
tion of  the  conductivity  of  the  best  aluminium  I  could  get  was 
66.04  per  cent,  of  soft  copper,  but  I  never  have  seen  a  piece  of 
aluminium  which  was  higher  than  99.03  per  cent,  purity.  I  have 
had  a  number  of  samples  submitted  to  me  which  by  ordinary 
analysis  have  run  as  high  as  99.75  per  cent  and  99.08  per  cent. 
But  a  rigorous  analysis  has  always  reduced  the  amount  of  the 
purity  of  the  aluminium.  My  personal  judgment  is  that  the 
conductivity  of  aluminium  might  run  very  close  to  that  of  copper 
itself,  and  there  has  been  no  evidence  on  record  that  I  know  of 
which  would  tend  to  disprove  that,  and  a  ^ood  deal  of  our  private 
work  in  our  laboratory  would  go  to  show  it.       ugtzedby  vji^v^gi^^ 
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Pbof.  Thomson  : — As  a  rather  curious  and  amusing  instance  of 
how  things  may  come  to  one,  I  remember  about  nine  years  ago 
that  the  first  specimen  of  what  they  call  tempered  copper  reached 
me  and  the  agent  came  around  and  attempted  to  introduce  it  to 
us  as  a  metal  which  had  about  130  per  cent,  of  conductivity,  and 
this  was  backed  up  by  a  certificate  of  absolute  test  made  at  a  la- 
boratory here  in  ]New  York.  I  immediately  thought  this  was 
strange  and  I  suspected  what  was  the  matter.  The  Wheatstone 
bridge  was  hand}',  and  I  asked  for  a  sliort  piece  of  the  wire, 
gauged  it  and  it  turned  out  to  have  the  conductivity  Mr.  Weston 
stated  ;  the  explanation  was  that  the  two  sides  of  the  bridge  had 
been  read  in  tne  wrong  way. 

Mb.  Obbblin  Smtih  : — I  was  glad  to  hear  Prof.  Waldo  say  that 
we  might  perhaps  get  as  much  conductivity  out  of  aluminium  as 
copper,  bulk  for  bmk,  because  if  we  could,  although  we  might 
not  want  the  pure  metal  for  line  wire  on  account  of  its  tensile 
weakness,  yet  it  could  be  used  for  field  and  armature  coils.  But 
of  course  if  it  is  a  great  deal  worse  conductor  than  copper,  in 
proportion  to  its  bulk,  it  would  be  a  bad  metal  for  coils,  because 
we  would  get  a  less  number  of  convolutions  in  a  given  space  with 
the  larger  wire  diameter  necessary,  and  thus  the  average  distance 
of  the  layers  would  be  further  out  from  the  core.  It  is  certainly 
to  be  hoped  that  we  shall  make  it  pure  enough  to  get  a  high  con- 
ductivity, so  that  it  may  compete  with  copper  in  this  respect. 
But  in  respect  to  line  wire,  where  we  do  not  care  so  much  what 
the  bulk  is,  it  is  to  be  hoped  that  the  alloys  of  aluminium  which  do 
show  great  strength,  as  for  instance  when  adding  from  6  to  1<> 
percent,  of  copper,  will  give  a  good  conductivity — ^that  we  may 
indulge  in  longer  spans,  when  desirable. 

The  OHAiBiiAK : — As  we  are  on  the  subject  of  aluminium,  and 
as  one  more  paper  on  this  interesting  topic  is  on  the  programme 
— ^the  last  one — I  think  we  should  now  take  it  up — ^the  subject 
being  "  Shall  Aluminum  be  Alium  "  by  Mr.  Oberlin  Smith. 

wc.  Smith  read  the  following  : 
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A  Paper  read  ai  the  General  Meeting  of  the  A  mer^ 
ican  Institute  of  Electrical  Engineers^  New 
York^  May  2ist^  i9gi.  Vice-President  Crocker 
in  the  Chair. 


SHALL    '^  ALUMINUM"   BE    "ALIUM"? 


BY  OBEELIN   SMITH. 

Although  having  the  honor  of  being  a  member  of  this  distin- 
tinguished  society  but  a  very  short  time,  I  take  pleasure  in  ac- 
cepting an  invitation  from  your  Committee  on  Papers  and  Meet- 
ings to  say  a  few  words  regarding  a  proposed  shorter  and  more 
euphonious  name  for  the  beautiful  and  valuable  metal  which  must, 
perhaps,  now  be  ranked  as  base,  rather  than  precious,  only  because 
recent  metallurgical  and  electrical  science  has  made  such  wonder- 
ful strides  in  cheapening  its  production. 

In  February,  1890, 1  had  the  pleasure  of  reading  before  the 
American  Institute  of  Mining  Engineers,  at  their  Washington 
meeting,  a  paper  entitled  "  Aluminum  in  Search  of  a  Nickname." 
In  this  essay  reference  is  made  to  the  fact  that  the  nickname  "Al " 
had  already  been  irreverently  introduced  by  many  of  the  people 
engaged  in  manufacturing  and  selling  it,  in  accordance,  obviously, 
with  the  general  tendency  of  our  modem  rapid  life  to  condense 
all  our  commercial  nomenclature  into  as  small  a  compass  as  pos- 
sible. In  witness  of  this  we,  in  America,  as  well  as  many  of  the 
denizens  of  other  English  speaking  countries,  have  generally 
adopted  the  word  "  wire  "  as  a  substitute  for  '^  telegraph  "  and 
have,  by  successive  stages,  shortened  the  term  "  elevated-railroad  " 
into  "elevated-road,"  "the  elevated,"  "el"  and  finally  " L "— 
the  latter  being  spelled  as  briefly  as  possible  by  the  ingenious  de- 
vice of  using  only  one  letter. 

In  accordance  with  this  labor-saving  tendency  in  regard  to  our 
tongues  and  pens,  it  certainly  seems  desirable  that  a  shorter  name 
than  "  aluminium,"  or  even  "  aluminum,"  should  be  found  for  a 
metal  which  is  destined  to  be  so  largely  used  in  the  further  jevolu- 
tion  of  our  modem  mechanical  life — and  probably  not  a  little  in 
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the  electrical  engineering  of  the  future.  In  the  paper  before  men- 
tioned, reference  is  lurther  made  to  the  fact  that  the  names  of  the 
commercial  metals  now  in  use,  are  nearly  all  short,  crisp,  words  of 
one  syllable,  as  gold,  tin,  zinc,  lead,  bronze,  brass  and  steel,  while 
the  most  common  two-syllabled  ones,  nickel,  silver  and  copper, 
are  also  simple  and  easily  spoken. 

In  further  arguing  the  point  regarding  aluminum,  I  suggested 
as  possible  future  names  "Aluum,"  "Alium,"  -'Alim  "  and  *'Alm," 
as  being  suggestive  of  the  original  word  for  which  they  might 
become  substitutes,  and  yet  euphonious  and  easily  pronounced. 
Since  the  essay  in  question  was  printed,  my  proposed  reform  has 
attracted  considerable  attention  in  the  technical  papers,  the  gen- 
al  preference  appearing  to  be  for  the  word  "  Alium  "  rather  than 
for  the  others  mentioned.  This  word  has  also  been  suggested  in- 
dependently by  no  less  eminent  a  scientist  than  Prof.  Elihu 
Thomson,  who  did  not  know  that  I  had  already  proposed  it.  It 
has  been  heartily  endorsed  by  Mr.  Eugene  II.  Cowles,  a  well- 
known  authority  upon  this  metal,  in  an  article  in  the  New  York 
Tribune^  and  by  Mr.  T.  Commerford  Martin,  Past  President  of 
this  society,  in  the  columns  of  the  Electrical  Engineer, 

Upon  thinking  over  the  matter  further,  I  myself  prefer  this 
word  to  the  shorter  ones  suggested,  alim  and  aim.  The  latter, 
as  Prof.  Thomson  suggests  to  me,  reminds  one  of  alms-giving, 
and  I  think  the  former  looks  and  sounds  too  much  like  "alum." 
It  is  true  that  "Alium "  has  three  syllables,  but  they  glide  so 
smoothly  into  one  another  that  it  is  scarcely  harder  to  pronounce 
than  the  shorter  ones  mentioned,  while  being  much  pleasanter  to 
the  ear;  and,  as  Mr.  Cowles  states  in  his  interesting  article, 
agrees  in  its  termination  with  many  other  words  used  by  the 
chemists  to  signify  metals — as,  e.  ^.,  sodium,  calcium,  etc.  Very 
probably  these  same  chemists  would  consider  it  appropriate  to 
use  the  word  "alia"  for  the  oxide  now  called  "alumina"  I  do 
not  feel  sure  about  the  desirability  of  this,  but  cannot,  at  this 
speaking,  see  any  objection  to  the  word. 

It  is  earnestly  to  be  hoped,  if  we  are  ever  to  have  a  shorter 
name  than  either  of  the  two  present  ones,  that  some  decided  step 
will  soon  be  taken  by  the  proper  authorities,  if  their  existence 
and  identity  can  be  determined,  to  establish,  once  for  all,  a  shorter 
and  more  convenient  name.  If  the  leading  technical  journals  in 
this  country  and  abroad  could  be  induced  to  agree  upon  the 
word  "Alium,"  or  something  better,  if  such  can  be  suggested, 
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and  if,  furthermore,  the  national  engineering  societies  should  see 
fit  to  endorse  the  same,  the  work  of  reform  would  practically  be 
accomplished,  as  it  is  not  probable  that  those  who  are  strictly 
scientists  only,  would  hold  out  against  a  popular  verdict  of  the 
kind  mentioned. 

Possibly  a  practical  method  of  starting  this  reform  would  con- 
sist in  one  of  the  societies  mentioned,  appointing  a  committee  to 
distribute  an  argument  of  the  case  among  the  editors  of  the  various 
technical  journals,  here  and  abroad,  asking  for  replies  as  to  how 
many  of  them  would  be  willing  to  adopt  the  new  word,  should 
a  majority  of  the  whole  number  agree.  This  committee  could 
also  send  communications  to  the  other  national  engineering  and 
scientific  societies,  requesting  action,  or,  at  any  rate,  an  expression 
of  opinion,  upon  the  same  subject.  If  each  society  proved  willing 
to  appoint  one  or  more  members  upon  a  joint  committee  of 
conference,  a  favorable  report  by  such  a  committee,  especially  if 
backed  by  the  technical  journals,  would  undoubtedly  command 
sufficient  respect  to  lead  to  the  adoption  of  the  name  in  question 
by  the  societies  themselves,  at  a  later  period.  Possibly,  however, 
it  would  be  better  not  to  take  so  much  trouble  about  a  single 
word,  but  to  wait  until  a  "  batch "  of  technical  words  needing 
reform  could  be  handled  altogether. 

If  we  consider  the  length  of  the  names  "aluminium  "  and 
"  aluminum,"  in  comparison  with  other  elements,  we  find  that 
the  former  is  the  only  five-syllabled  one  extant.  In  a  list  of  64 
elementary  bodies  we  find  only  18  of  them  to  be  words  of  four 
syllables,  while  29  have  three  syllables,  11  two  syllables,  and  five 
one  syllable,  the  latter  all  happening  to  be  ordinary  commercial 
metals.  The  question  naturally  arises,  can  we  afford  to  put  a 
material  which  is  probably  destined  to  such  extensive  use  as  is 
this  comparatively  new  and  beautiful  metal  in  the  category  of 
these  rarely  used  and  many-syllabled  elements  which,  as  has  been 
seen,  are  in  a  small  minority  of  the  whole  number?  Can  we 
moreover,  afford  to  let  it  stand  alone,  in  the  whole  list  of  ele- 
ments, as  the  only  one  (excepting,  perhaps,  mercury,  which  fool- 
ishly has  a  sort  of  a  synonym)  possessing  Iajoo  distinct  and  inter- 
changeable commercial  names,  as  is  now  the  case  ? 

In  enunciating  the  words  in  question,  we  find  that  although 
they  are  somewhat  musical  in  sound,  especially  the  longer  one, 
they  are  not  easy  to  speak  rapidly,  especially  by  a  person  not  in 
the  habit  of  pronouncing  them  frequently.     In  writing  them, 
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the  evil  is  worse,  for  in  the  case  of  "  aluminium"  one  must,  to 
be  sure  one  is  right,  analyze  and  count  some  28  nearly  similar  up 
and  down  strokes  of  the]  pen  after  writing  "Al."  Otherwise, 
there  is  apt  to  be  a  "u"  or  an  "i"  too  many  or  too  few ;  and  even 
if  they  are  right,  some  discretion  is  required  in  ascertaining 
where  to  dot  the  "i"  and  the  "i."  If  the  casual  reader  does  not 
believe  all  this,  he  is  only  invited  to  try  it  as  often  as  has  the 
writer. 

Perhaps  the  easiest  way  to  solve  tliis  problem  is  to  write  the 
first  two  letters,  [illustrating  upon  blackboard]  thus,  and  then 
make  a  diagram  of  an  alternating  current,  thus,  counting  mean- 
while with  the  voice  one,  two,  three,  four,  five,  six, — well,  so  on 
up  to  twenty-eight,  being  careful  to  maintain  synchronism 
between  tongue  and  fingers,  each  cycle  of  the  former  agreeing 
with  a  single  vibration  in  the  diagram. 

In  regard  to  the  interest  of  this  very  progressive  society  in  the 
improvement  and  development  not  only  of  aluminium,  but  of 
its  name,  I  think  there  can  be  no  question ;  as  it  is  a  metal  which 
is  already  used  to  some  extent  in  the  electrical  arts,  and  is  destined 
to  far  greater  use  as  it  becomes  cheaper  and  as  new  inventions  are 
made  for  applying  it.  Especially  is  this  the  case  in  view  of  the 
recent  discoveries  in  France  regarding  certain  alloys  of  aluminium 
with  small  percentages  of  copper,  which  show  that  we  can  double 
its  tensile  strength  while  increasing  its  weight  only  about  six  per 
cent.  I  have  not  heard  how  its  electric  conductivity  is  affected 
by  such  alloying,  but  if  those  stronger  metals  shall  prove  to  be 
nearly  as  good  conductors  (and  possibly  they  may  be  better)  than 
is  the  pure  metal,  we  at  once  have  a  bright  vista  opening  before 
us  for  telegraph  and  telephone  line  wires,  of  great  conductivity 
in  proportion  to  their  weight,  combined  with  durability  and 
beauty.  There  are  doubtless  numerous  other  applications  of  the 
metal  and  its  alloys  to  be  developed  in  the  near  future,  especially 
in  electric  railroading,  where  strength  combined  with  extreme 
lightness  is  destined  I  think  to  be  secured  by  materials  and  methods, 
the  use  of  which  will,  even  in  this  generation,  produce  a  speed 
and  safety  of  which  we,  as  yet,  can  scarcely  dream.  In  this 
abolishment  of  the  old  "  dead-weight "  system — this  destruction 
of  the  cars  of  Juggernaut,  so  to  speak— in  which  the  electrical 
engineer  is  to  bear  so  brave  a  part,  shall  we  know  one  of  the  most 
useful  materials  of  the  new  age  as  aluminium,  aluminum,  or 
alium  ?  r^  T 
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Discussion.^ 

Db.  Vander  Weyde  : — If  we  look  at  the  list  of  elements,  there 
are  a  great  many  elements  of  which  the  names  are  longer  than 
aluminum.  Aluminum  is  in  perfect  accordance  with  the  deriva- 
tion of  alumina.  Platinum  is  derived  from  the  Spanish  name  of 
it — platina.  The  gentleman  thinks  that  shortening  the  name  of 
of  our  elements  is  desirable.  Let  him  extend  it  then  to  others. 
Take  potassium,  that  is  longer  Let  him  call  it  potium.  Alu- 
mina has  been  introduced  long  ago.  That  is,  the  oxide  of  alu- 
minum. Several  substances  are  named  in  the  same  way.  The 
termination  ''  a  "  has  been  changed  to  "  um."  If  you  cut  it  down 
and  say  "alium,"  it  will  be  contrary  to  the  regular  rule  with  re- 
spect to  all  the  other  metals. 

The  Secretary  : — This  cmestion  is  coming  on  the  shoulders  of 
either  the  Secretary  or  the  Editing  Committee  very  soon,  and  I 
would  make  a  motion  that  the  spelling  of  the  name  be  referred 
to  the  Editing  Committee  for  decision.  I  have  already  begun  on 
"  aluminium,"  because  the  author  of  the  paper  which  preceded 
this  insisted  that  that  was  right,  and  gave  practical  reasons  for  it. 
I  am  now  approaching  another  set  of  papers  where  they  insist  on 
spelling  it  "  aluminum  "  and  in  accordance  with  editorial  prac- 
tice, it  IS  proper  that  we  should  spell  the  same  word  in  the  same 
way  through  the  volume.  Therefore,  1  think  it  incumbent  on 
somebody  to  instruct  me  on  this  matter  in  the  course  of  the  next 
month. 

Dr.  Vander  Weyde  : — Mr.  Chairman,  I  should  propose  to 
leave  it  alone.     It  will  settle  itself 

Dr.  Waldo:  -I  had  the  misforturje  a  little  while  ago  to  give 
a  popular  lecture  on  this  thing,  and  sitting  in  front  of  me  was  a 
boy  and  his  mamma.  This  boy  went  to  the  high  school. 
Referring  to  the  early  history  of  the  subject,  and  Sir  Humphrey 
Davy's  work,  I  used  the  expression,  ''aluminium,"  whereupon  \ 
saw  the  lady  look  at  the  boy  and  nudge  him  a  little,  and  the  boy 
looked  disconcerted  as  if  he  had  been  set  right  and  did  not  think 
he  was  wrong  after  all.  Later  in  the  discourse,  I  came  down  to 
the  modem  treatment  of  the  subject,  and  I  recollected  the  vote  of 
our  own  Board  of  Directors,  that  this  should  be  called  aluminum. 
I  called  it  aluminum,  and  I  saw  the  boy  smile  and  tuni  to  his 
mother  and  nudge  her. 

I  am  afraid  that  history  and  practice  are  going  to  be  against 
the  Institute.  Alium  is  a  good  word,  but  "  duminum "  and 
"aluminium"  have  the  dictionary,  and  the  real  construction  of  the 
language  back  of  them.  Both  are  given  in  the  dictionary,  and 
botn  are  in  eood  practice.  But  if  I  were  the  Secretary,  I  would 
spell  it  as  I  began.  In  England  aluminium  is  used  extensively 
and  in  the  United  States,  owing  to  the  action  of  the  Cowles  com- 
pany and  their  circulars  and  our  own,  the  expression  aluminum 

1  By  Messrs.  Vander  Weyde,  R.  W.  I'ope,  Waldo,  Nii 
Alex.  S.  Brown.  E.  Thomson,  Weston  and  Crocker.  ^^' 
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has  growD.  I  doubt  whether  at  this  stage,  when  the  literature  is 
as  extensive  as  it  is,  it  would  be  expedient  to  change  the  nomen- 
clature of  it.  Certainly,  if  it  were  done,  the  movement  might 
better  originate  with  some  society  like  the  American  Association 
for  the  Advancement  of  Science,  which  includes  many  chemists 
and  physicists,  and  a  number  of  our  own  members  as  well.  I 
think  a  committee  of  the  kind  has  been  appointed  by  the  Amer- 
ican Association  for  just  that  question.  Anyway  it  came  up  be- 
fore a  committee. 

Pkof.  Nichols  : — The  committee  has  reported. 

Dr.  Vander  Weyde:— Tliere  is  no  precedent  in  the  whole 
list  of  two  i's  close  together.  The  United  States  govi  rnment  has 
adopted  "  aluminum." 

The  Seorktaky  : — The  paper  which  you  hold  in  your  hand 
and  from  which  jou  quote  is  the  Scieyitifr.  American,  That  is 
the  way  the  editor  spells  the  word.  I'liat  does  not  prove  that 
the  government  has  adopted  that  form.  I  admit  it  is  so  spelled 
in  the  list  contained  in  the  paper,  but  my  point  is,  that  if  the 
office  style  of  the  Scientific  American  requires  that  the  word  be 
spelled  ''aluminum"  it  would  make  no  difference  to  the  editor 
what  form  the  United  States  government  established.^ 

Dr.  Vander  Weyde: — If  it  is  in  the  phannacopedia  it  is 
settled.     It  will  come  in  the  new  United  States  pharmacopedia. 

Mr.  Lookwood  : — Not  more  than  ten  years  «go,  I  think,  one  of 
the  sovereign  states — at  least  one  of  the  states  that  were  sever- 
eign  before  state  rights  were  defined— decided  for  itself  that  its 
name  thereafter  should  be  pronounced  Arkansaw.  The  Spf^i^ig- 
fi^ld  Republican^  commenting  on  that,  said  that  any  man  who 
could  spell  Arkansas  and  pronounce  it  Arkansaw  must  be  a  jack- 
aw.  I  will  not  presume  to  traverse  that  decision.  I  would  call 
the  attention  of  the  Chair  to  the  fact  that  subsequent  to  the 
change  of  pronunciation,  one  of  ^\^  two  senators  from  that  state, 
insisted  on  his  right  to  call  the  state  Arkansas,  and  the  other  in- 
sisted on  his  right  to  call  the  state  Arkansaw,  and  the  president 
of  the  senate  agreed  with  both  gentlemen,  and  would  call  one 
senator  the  senator  from  Arkansas,  and  the  other  the  senator 
from  Arkansaw.  I  think  Mr.  Pope  and  the  Committee,  if  there 
is  one,  could  very  profitably  adopt  the  titles  given  by  the  authors 
of  papers,  and  so  please  everybody.  As  regards  the  length  of 
the  name,  it  seems  to  me  that  it  is  not  absolutely  objectionable. 
If  we  remember  that  we  area  nation,  and  a  nation  which  does 
not  care  much  for  the  length  of  words  provided  they  are  sufti- 
ciently  sonorous  ;  that  when  considering  anything  which  is  going 
to  start,  we  speak  of  its  being  inaugurated  ;  that  if  w^esend  a  mes- 
sage across  the  ocean  instead  of  saying  we  wired  it,  as  Mr.  Ober- 
lin  Smith  mentions,  we  speak  of  a  caijhgram,  I  will  leave  it  to 
you  Mr.  Chairman,  or  any  gentleman  here  who  believes  in  pure 

1.  Since  this  discussion  took  place,  the  United  States  Census  Office  has  issued 
a  bulletin  in  which  the  word  is  spelled  '*  aluminium." — [KdiiQiif»]^^jyj\jw\\^ 


496  8UALL  '*  AL UMINUM"  BE  "  ALIUM '7  [May  21. 

language  whether  cablegram  is  a  decent  word  to  have  in  a  pure 
language — a  word  with  no  genealogy — the  gram  being  taken 
from  the  end  of  tele,  and  cable  put  on  the  other  end  of  it  to  show 
that  it  came  through  a  cable  a  httle  longer  than  a  river  cable 
When  we  consider  also  that  our  profession  is  introducing  such 
words  as  hvsteresis,  and  reluctance  and  impedance,  ana  recip- 
tivity,  I  tlunk  we  may,  with  very  good  reason,  leave  aluminium 
alone. 

Turning  now  to  anotlier  part  of  the  subject,  I  notice  that  Mr. 
Oberlin  Smith's  paper  speaks  of  *'  Al  "  being  a  nick-name.  If 
that  be  so,  I  presume  every  element  in  the  entire  list  has  a  nick- 
name, and  why  this  element  should  not  have  a  nick  name  as  well 
as  the  others  f  fail  to  see.  The  fact  that  it  is  a  symbol  which 
might  be  considered  a  nick-name  for  Alfred  or  Albert  Edward, 
or  any  other  distinguished  character,  I  do  not  think  would  inter- 
fere with  the  prerogatives  of  the  element  at  all. 

I  come  now  to  the  up  strokes  and  down  strokes  which  glitter 
in  multitudinous  ranks  on  the  blackboard.  Now,  anyone  seeing 
the  word  as  there  written,  would  know  what  it  was,  whether  the 
letters  were  pro])erly  formed  or  not.  If  it  be  an  objection  to 
have  28  strokes  up  and  as  many  down,  I  suggest  that  hereafter 
the  gentlemen  simply  write  "  al "  and  add  an  exponent. 

Mr.  Smith  : — To  what  power  ? 

Mr.  Lockwood  : — I  do  not  care  for  the  power.  That  is  to 
be  figured  out  subsequently.  If  we  of  the  Institute  should 
choose  to  do  what  we  have  no  right  to  do,  and  say  that  so 
far  as  we  are  concerned,  aluminium  must  cease  to  be,  and  alu- 
minum must  cease  to  be,  but  that  alium  may  be,  then  I  suggest 
that  to  prove  ourselves  consistent  and  to  show  the  truth  of  the 
axiom  that  consistency  is  a  jewel,  we  provide  the  names  of  other 
elements  also  with  equal  abbreviations.  We  might  call  selenium 
"  sally,"  and  molybdenum  "  molly."  Vanadium  would  be  a  little 
more  dignified,  and  we  could  call  it  "van."  I  know  electricians 
whose  names  begin  with  that,  and  who  would  consider  them- 
selves honored  by  having  a  metal  so  named. 

The  gentleman  objects  to  a  name  consisting  of  five  Ryllables. 
He  says  it  is  the  only  one  in  the  list  which  has  five  syllables. 
Mr.  Chairman,  I  should  like  to  know  what  element  better  de- 
serves to  have  five  sylables.  If  it  is  the  only  one,  then  from  his 
own  point  of  view  he  has  so  much  the  more  to  congratulate  him- 
self upon.  But  if  there  is  any  element  in  the  entire  list,  enti- 
tled to  pre-eminence  in  this  respect,  I  should  say  it  is  this  young- 
est born,  that  is  going  to  be  a  perfect  Benjamin,  the  son  of  our 
right  hand.  I  think  this  question  of  the  terminology  of  elements, 
is  something  for  chemists  to  decide.  Electricians  have  no  right 
to  choose  names  for  themselves,  or  alter  names  already  made. 
There  are  some  names  which  are  better  when  altered,  but  it  does 
not  seem  to  me  that  aluminium  is  one  of  them,  and  as  I  have 
Kiid  I  think  we  can   safely  leave  these  things  yj^tlMy ^%?fe;At 
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chemists.  And,  if  we  do,  we  may  rest  assured  that  persons  who 
make  names  such  as  those  of  the  ethvl  group  which  no  one  can 
pronounce,  will  certainly  look  out  tor  the  conservation  of  alu- 
minium.    [Applause]. 

Dr.  Geyer: — We  print  on  the  cover  of  the  Transactions 
"  The  Institute  as  a  body,  is  not  responsible  for  the  opinions  ex- 
pressed." I  think  in  the  same  way  the  Secretary  need  not  be 
held  responsible  for  the  spelling  of  the  members.     [Laughter.] 

The  Secretary  : — Mr.  Chairman,  1  should  hate  to  have  any- 
body held  responsible  for  tlie  spelling  of  the  author  in  all  cases. 
I  would  like  to  have  the  Transactions  go  out  as  an  example  of 
English  according  to  some  standard,  whether  it  be  a  bad  one  or  a 
good  one.  That  point  has  certainly  arisen,  and  as  I  say  it 
IS  a  matter  of  style,  and  we  would  vary  from  the  practice  pursued 
in  all  publications  if  we  spelled  the  word  one  way  in  one  number, 
and  in  another  way  in  another  number.  That  has  happened  in 
my  experience.  1  think  you  will  find  disk  spelled  aisc  in  one 
place,  and  in  another  place  disk,  due  to  the  fact  that  the  printer 
followed  Worcester's  dictionary  and  I  used  Webster's,  and  since 
we  have  come  to  an  understanding  on  that  point,  we  will  endeavor 
to  have  uniformity.  But  the  matter  is  one  that  I  would  like  to 
have  decided.  1  do  not  care  who  does  it,  whether  it  is  the 
Editing  Committee  or  myself. 

Dr.  Nichols  : — I  merely  arise  to  say  that  it  is  not  many  days 
since  I  received  proofs  of  the  report  of  the  committee  which  has 
been  referred  to,  a  conmiittee  of  the  chemical  section,  I  think,  of 
the  American  Association,  in  which  they  give  what  they  consider 
good  reason  for  aluminium  and  recommend  that  that  be  the 
official  name  of  the  metal  in  this  country.  That  gives  t-ome  basis 
for  action. 

Mr.  Alex.  S.  Brown: — In  the  discussion  last  month  Mr.  Bird- 
sail,  I  believe,  asked  if  we  ever  called  it  alium,  and  I  gave  a  rea- 
son for  calling  it  aluminium.  Probably  some  of  the  members 
now  present  were  not  at  that  meeting  and  have  not  heard  the 
reason.  In  the  manufacture  of  aluminium  the  oxide  from  which 
it  is  manufactured  is  alumina.  Now,  unless  you  are  very  care- 
ful in  the  pronunciation  of  alumina  and  aluminum,  they  sound 
very  similar,  and  it  is  apt  to  be  confusing;  whereas  if  you  call 
the  oxide,  alumina,  which  is  the  proper  name  for  it,  and  the  fin- 
ished product  aluminium,  there  is  no  bother  at  all.  And  then 
again,  the  name  aluminium,  I  believe,  was  the  original  name  that 
was  given  to  the  metal.  In  fact  it  was  given  to  the  metal  before 
the  metal  was  actually  known  to  exist,  as  I  mentioned  in  the  pa- 
per I  read  at  that  meeting ;  and  as  that  was  the  first  name  given 
to  it,  it  seems  to  me  it  was  entirely  unnecessary  to  change  the 
name. 

Prof.  Thomson  : — Perhaps,  Mr.  Chairman,  we  could  settle 
this  dispute  by  allowing  everyone  to  call  it  what  he  chooses.  We 
know  that  the  word  electricity  is  sometimes  a  rg||te  if yi\>i^QT?g 
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one  from  its  lei^th,  and  we  find  it,  in  the  stations,  often  called 
the  "juice."  1  think  Mr.  Lockwood  would  even  recognize  tlie 
word  ''  phone  "  as  a  shortening  of  telephone — I  do  not  mean  au- 
thortatively — but  he  would  understand  it. 

Mr.  Lockwood  : — I  would  know  what  it  meant. 

Prof.  Thomson  : — Undoubtedly  if  there  was  a  person  whot^e 
name  was  John  Smith  and  there  was  no  other  person  around  of 
the  name  of  Smith  we  would  be  perfectly  consistent  in  calling 
him  Smith  as  we  sometimes  do. 

Mk.  Weston: — The  great  danger  arises  that  in  giving  the 
metal  a  new  name  you  will  convey  the  impression  to  many  minds 
that  it  is  a  new  substance.  It  is  not  now  an  uncommon  thing  for 
persons  to  ask  whether  aluminum  and  aluminium  are  the  same 
or  difEerent  metals.  If  you  give  it  still  another  name  you  will 
only  increase  the  difficulty. 

6y  giving  the  metal  a  new  name  you  cannot  stop  the  use  of 
the  older  names — ^j^ou  cannot  strike  from  the  records  of  the  past 
the  older  names.  I  think  the  only  safe  course  to  pursue  in  a 
matter  of  this  kind  is  to  follow  the  precedent  established  in  such 
cases ;  namely,  to  stick  to  the  name  first  given  to  the  substance. 

The  Secretary  : — I  might  add  that  since  our  discussion  of 
this  subject  before,  where  trie  practical  question  of  the  name  came 
up  in  the  manufacture  of  the  metal,  I  liave  been  informed  by  the 
editor  of  one  technical  journal  that  he  had  instructed  his  prin- 
ters and  proof  readers  that  the  word  should  be  spelled  ''  alumin- 
ium." 

The  Chairman:— It  seems  to  me  that  further  discussion  on 
this  is  unnecessary,  bftcause  we  are  all  familiar  with  the  fact  that 
many  English  words  have  different  spellings  and  different  pro- 
nunciations. Worcester  has  one  pronunciation,  and  Webster 
another.  A  single  authority,  in  fact,  will  ffive  two  or  three  dif- 
ferent spellings  and  pronunciations,  all  of  wliich  are  correct.  We 
all  suit  ourselves  under  such  circumstances,  and  I  do  not  see  that 
we  can  do  better  in  this  case.  This  Institute,  in  my  opinion,  has 
no  rigiit  to  dictate  to  other  persons  on  this  subject,  because  it 
does  not  concern  us  particularly. 

Mr.  Oberlin  SwiTri : — L  think  my  friend  down  there  who, 
apparently,  must  have  a  personal  liking  for  nick-names  of  all 
sorts,  misunderstood  me  if  he  thought  that  I  mistook  the  chemi- 
cal symbol  for  "  Al."  Of  course  we  all  know  that  it  is  written 
so  in  chemical  nomenclature,  and  pronounced  "A,  L."  But  I 
am  informed  on  good  authority  that  at  both  the  aluminium  fac- 
tories in  this  country,  the  workmen,  clerks,  etc.,  do  nick-name  it 
in  this  way,  and  have  done  for  some  time  past.  I  do  not  think 
there  is  any  question  but  that  it  would  be  better  to  have  a  shorter 
name.  I  am  not  crank  enough,  however,  to  think  that  this  society 
or  any  other  one,  or  two,  or  ten  societies  in  the  world  can  change 
a  thing  of  this  kind  suddenly.  I  have  no  idea  that  there  will  be 
any  reform  immediately,  but  some  have  thought  that  a  change 
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would  be  desirable,  and  are  agitating  it  at  this  time.  I  am  in- 
clined to  think  that  of  the  two  old  words  "  aluminium  "  is  the 
more  correct,  though  I  have  used  the  word  "  aluminum  "  because 
it  is  shorter.  It  certainly  is  open  to  the  objection  that  it  sounds 
like  "alumina,"  when  pronounced  quickly.  It  has  been  said 
that  one  prominent  engineering  journal  has  adopted  "  alumin- 
ium." I  will  report  the  fact  that  another  prominent  engineering 
journal  has  adopted  "  aluminum."  Long  technical  words  which 
are  used  frequently  in  commercial  life  wul  no  doubt  be  shortened 
in  some  fashion,  by  somebody.  Many  of  them  which  are  now 
being  shortened  accidentally  will  be  shortened  authoritatively. 
I  am  perfectly  willing  to  let  the  words  of  my  paper  stand  as  a 
prophecy  only.  That  some  short  word  will  come  after  a  while  I 
have  full  faith.  Meanwhile,  if  we  go  on  using  the  longer  one  of 
the  two,  the  reform  will  come  all  the  quicker  on  account  of  the 
nuisance  of  writing  it. 

I  believe  there  is  a  motion  not  seconded.  My  friend  Mr.  Pope 
has  been  anxious  to  get  some  one  to  second  it  for  an  hour  or  two 

?i8t.  So  I  will  second  it — that  the  spelling  of  the  word  in  the 
RANSAOTioNs,  alumiuium,  or  aluminum,  be  left  to  the  Editing 
Committee. 

The  Chairman  : — As  a  matter  of  fact  I  presume  it  would  be 
anyhow. 

1)r.  Waldo  : — I  do  not  see  by  what  right  any  publication 
committee  could  change  the  text  of  a  scientific  communication 
in  this  society  or  in  any  other.  I  am  quite  sure  that  if  I  sent  a 
paper  in  and  spelled  the  word  aluminum,  if  it  were  changed  by 
the  committee  or  a  typewriter  or  any  one  else,  I  should  object. 
I  think  that  would  be  the  disposition  of  any  one  who  used  words 
advisedly. 

The  Secretary  : — It  would  be  a  little  awkward  in  a  discussion 
like  this  for  instance  where  one  gentleman  speaking  on  the  sub- 

1'ect  called  it  aluminum  and  the  next  man  called  it  aluminium, 
't  would  be  rather  of  a  reflection  on  some  one  as  to  the  editorial 
work. 

Mr.  Oberlin  Smith  : — In  seconding  that  motion  I  did  not 
mean  to  say  that  a  committee  had  any  riglit  to  alter  the  spelling 
of  an  author,  because  that  is  a  matter  of  quotation,  and  we  ought 
to  spell  quotations  in  the  author's  way.  I  have  had  experience 
in  this  line,  where  the  editor  (I  beg  pardon,  1  mean  printer)  did 
not  follow  copy.  In  fact,  mv  friend  Dr.  Wahl  sent  me  the  proof 
of  a  lecture,  only  the  day  before  yesterday,  where  somebody  had 
altered  "  aluminum  "  all  the  way  through  to  "  aluminium,"  and  I 
had  to  change  it  all  back  again.  I  suppose  it  will  be  changed 
again  when  it  conies  to  me  in  solid  print.  I  assume  that  it  would 
be  this  committee's  duty  to  spell  the  word  in  the  way  the  author 
spells  it ;  but  in  the  case  of  things  said  by  the  editors  themselves, 
and  in  the  reports  of  verbal  discussions  where  they  cannot  very 
well  pick  up  the  exact  spelling  from  the  reporter's  i\o$^jJ;bfe 
editors  ought  to  have  a  standard,  and  7iot  two  standards. 
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Tub  Chairman: — I  would  suggest  that  the  Editing  Committee 
has  jurisdiction  over  a  matter  of  this  sort  without  referring  it  to 
the  Institute  as  a  body,  but  the  Chair  will  entertain  that  motion 
if  it  be  the  pleasure  of  the  meeting.  Mr.  Pope,  do  you  wish  that 
motion  to  be  considered  ? 

The  Secretary  : — It  is  immaterial  to  me  as  the  Editing  Com- 
mittee can  take  it  up.  But  as  long  as  we  were  discussing  the 
question  I  thought  that  if  it  were  referred  to  the  committee  and 
settled,  that  that  would  end  it  so  far  as  this  meeting  is  concerned. 
If  it  had  not  been  for  this  discussion,  the  matter  would  have  gone 
to  the  Editing  Committee  in  the  natural  course  of  events. 

Mr.  Oberlin  Smith  : — As  I  understand  it,  the  only  point  is 
whether  the  committee  shall  have  a  uniform  standard  for  what 
they  write  themselves,  or  whether  they  shall  do  it  both  ways,  or 
either,  as  they  might  do  if  nothing  was  here  settled  regarding 
uniformity. 

The  Chairman  :— Well,  Mr.  Pope,  if  you  want  to  put  that 
matter  before  the  Institute  please  restate  your  motion. 

The  Secretary  : — My  motion  was  that  the  question  of  the 
spelling  of  this  word  be  referred  to  the  Editing  Committee  for 
decision. 

The  Chairman  : — It  is  moved  and  seconded  that  the  spelling 
of  the  word  "  aluminium "  or  ''  aluminum  "  be  referred  to  the 
Editing  Committee  for  their  decision  in  regard  to  its  use  in  the 
Transactions. 

[The  motion  was  carried.] 

The  Chairman  : — There  seems  to  be  no  further  discussion  on 
this  paper,  and  I  believe  that  the  Secretary  has  several  announce- 
ments to  make. 

The  Secretary  : — Mr.Martin  of  the  Entertainment  Committee 
of  the  Electric  Club,  gives  me  this  list  of  the  articles  on  exhibi- 
tion, forming  the  collection  which  has  been  referred  to  on  our 
programme :  [reading  list.] 

I  have  also  received  at  a  late  hour  and  after  our  programme 
w;is  made  up,  a  paper  by  Mr.  Sydney  F.  Walker,  one  of  our 
foreign  members,  entitled  "  Notes  on  Electricitv  in  Mining 
Work." 
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NOTES  ON  ELECTRICITY  IN  MINING  WORK. 


BY  SYDNEY  F.  WALKEE,  OF  CARDIFF,  ENGLAND. 


When  the  writer  was  asked  to  contribute  a  paper  to  the 
Tbanbaotions  of  the  Institute,  his  feeling  was  that  he  had  far 
more  to  learn  from  his  confreres  on  the  other  side  of  the  Atlan- 
tic than  they  could  learn  from  him,  and  it  is  with  considerable 
diffidence  tliat  he  now  ventures  to  forward  the  following  notes 
upon  a  branch  of  electrical  work  in  which  he  has  had  some  expe- 
rience. 

Electricity  has  been  used  in  mines  in  this  country  : 

For  signalling  on  engine  planes  and  in  shafts. 

For  speaking  from  point  to  point  of  the  mine. 

For  shot  firing. 

For  lighting ;  and  for  transmitting  power  to  distant  parts  of 
the  mine,  to  work  pumps,  coal  cutters,  etc. 

It  should  be  mentioned  that  electrical  work  in  mines,  so  far 
as  the  writer's  experience  goes,  is  different  from  every  other  kind 
of  work  that  the  electrical  engineer  has  to  deal  with.  The  ap- 
paratus is  placed  in  the  hands  of  men  who  are  often  altogether 
ignorant  of  electricity  and  the  conditions  under  which  it  has  to 
work  are  often  many  times  more  severe  than  any  that  would  be 
met  with  elsewhere. 

Damp  is  in  a  great  many  mines  a  constant  feature,  and  so  also 
are  falls  of  roof,  damage  to  roadways  and  many  constantly  recur- 
ring accidents,  such  as  ropes  breaking,  horses  taking  charge,  etc. 
Further,  it  has  happened  in  this  country  that  those  who  have 
designed  apparatus  for  mines  have  never  even  seen  one,  and 
would  therefore  consider  what  experience  has  proved  to  be  the 
ordinary  requirements  of  successful  working,  sim^l^^i^d^cijij^giyl^ 
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The  signals  that  have  been  used  are  for  ringing  the  cage  np 
and  down  the  shaft,  and  for  ringing  to  the  engine  house  and  to 
various  points  on  the  road,  where  mechanical  haulage  is  used. 

The  ability  to  stop  a  train  of  wagons  instantly  from  any  part  of 
the  engine  plane  has  proved  of  such  immense  service  that  the  en- 
gine plane  signal  has  been  adopted  almost  universally  in  the  coal 
mines  of  the  United  Kingdom. 

In  this  signal,  as  will  be  doubtless  well  known,  connection  is 
made  between  two  naked  parallel  iron  wires,  which  represent 
opposite  ends  of  the  circuit.  As  many  as  eight  bells  have  been 
rung  together  on  this  plan,  from  any  part  of  a  haulage  system 
extending  over  several  miles. 


Fig-  1. 

The  great  diflBculties  that  have  been  met  with  in  maintaining 
the  engine  plane  signal  are : — 

The  practical  impossibility  of  keeping  up  the  insulation,  and 
the  therefore  constant  drain  upon  the  battery  from  the  leakage 
current,  etc. 

The  numerous  joints  that  are  made  in  the  wires,  owing  to  the 
constant  breakage ;  each  joint  introducing  considerable  resist- 
ance into  the  circuit  from  its  being  not  only  unsoldered,  but  not 
even  tightly  twisted,  or  the  ends  of  the  wires  clean. 

The  secret  of  success  with  this  signal  and  with  the  shaft  signal 
has  been,  making  everything  very  strong,  having  a  large  reserve 
of  power  everywhere,  and  making  the  battery  of  large  celfe^g'^^ 
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The  electro-magnets,  for  instance,  of  the  author's  mining 
bells,  are  turned  out  of  2"  and  2^^  iron  and  with  the  battery 
power  used  with  them  would  work  through  50  miles  of  the  wire 
employed— Ko.  8  S.  G.  Batteries  of  the  largest  sized  Leclanche 
cells,  if  plenty  of  them  be  allowed,  will  stand  well  with  these 
bells — the  signal  often  going  on  working  for  twelve  months 
without  any  attention  beyond  repairing  the  wires  when  they  are 
broken. 
The  principal  difficulties  with  shaft  signals  are : 
The  wet  which  is  always  present  at  the  bottom  of  the  shaft 
where  the  ringing  key  is  placed,  and  the  liability  to  damage  of 
the  insulated  wire  that  is  used  for  line  and  battery  wires,  more 


Fia.  la. 

particularly  the  latter.  Falling  coal  damages  the  covering  of  the 
wire,  admits  moisture  and  the  wire  is  soon  parted. 

Wet  also  plays  great  havoc  with  the  connections  to  the  ringing 
keys  and  with  the  contacts. 

These  difficulties  have  been  overcome  in  the  writer's  practice, 
by  fixing  strong  and  well-covered  wires  in  the  shaft,  protecting 
them  with  boarding,  having  no  battery  wire  in  the  shaft,  and  by 
the  design  of  the  key  shown  in  Figs.  1,  la  and  IJ. 

The  key  case  is  made  of  cast-iron  and  brass  fitted  together 
with  flanges  to  exclude  moisture  as  far  as  possible,  so  that  the 
contact  lever  is  unaffected  by  the  ever-present  damp.    r^^^^T^ 
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An  external  lever  of  iron  operates  the  internal  contact  lever  by 
means  of  the  sliding  pin  shown.  The  terminals  of  the  key  are 
outside  the  case,  so  that  the  wires  can  be  cleaned  ofE  from  time 
to  time,  and  the  signal  kept  going  with  little  trouble.  Where 
the  terminals  are  hidden,  no  matter  how  carefully  they  are  pro- 
tected, damp  always  finds  its  way  to  the  connection  and  destroys 
it,  while  the  presence  of  the  fault  may  be  unsuspected. 

The  same  remark  as  to  batteries,  that  was  made  with  reference 
to  engine  plane  signals,  applies  here.  The  cells  should  be  of  the 
largest  size  and  plenty  of  them,  so  that  they  may  stand  the  drain 


Fig.  lb. 

of  the  leakage  current  often  unavoidable,  and  of  the  incessant 
ringing,  without  requiring  too  frequent  attention. 

Signals  are  also  used  on  the  surface,  for  locomotive  or  haulage 
roads,  but  these  can  be  dealt  with  in  the  same  manner  as  ordinary 
railway  signals. 

Tin  and  lead  mines  have  hardly  adopted  electricity  at  all  in 
any  form,  partly  on  account  of  the  conservative  tendency  of  the 
owners,  and  partly  on  account  of  the  enormous  quantities  of 
water  present,  and  of  the  peculiar  nature  of  the  working  of 
the  mines  themselves.  The  water  present  is  usually  strongly  im- 
pregnated with  metallic  salts. 

One  tin  mine  in  Cornwall  tried  a  telephone  between  a  level 
some  200  fathoms  down  and  the  surface,  but  the  whole  of  the 
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working  parts  were  dissolved  away  in  no  long  time.  One  tele- 
phone, however,  has  survived  in  a  Cornish  mine,  between  a  level 
600  fathoms  deep  and  the  surface,  at  Dolcoath,  near  Camborne ; 
and  a  great  boon  it  has  been.  Probably  this  fact  has  kept  it  alive. 
Any  one  who  has  been  down  a  few  hundred  fathoms,  either  by 
ladder  or  man  engine,  in  a  tin  mine,  will  thoroughly  appreciate 
this. 

Telephones  have  been  very  little  used  in  coal  mines,  owing  to 
the  monopoly  which  has  prevailed.  In  fact,  they  have  only  been 
used  for  surface  work,  such  as  from  colliery  to  shipping  port  and 
therefore  need  no  remarks  here.  The  monopoly  being  about  to 
expire,  we  are  hoping  for  big  developments  shortly. 

For  firing  shots  by  electricity  small  hand  magneto  machines 
giving  from  20  to  40  volts  are  used,  and  they  provide  current  for 
firing  fuses  formed  generally  of  two  pieces  of  copper  and  bedded 
in  gutta  percha,  their  ends  being  covered  with  a  detonating  com- 
position of  high  electrical  resistance  which  is  fired  by  the  passage 
of  the  current  through  it. 

The  principal  diflSculties  in  connection  with  shot  firing  have 
been: 

The  loss  of  power  of  the  magnets,  due  to  loss  of  magnetism 
and  the  uncertainty  as  to  the  voltage  required  by  individual  fuses. 

It  would  appear  as  if  the  fuses  that  are  used  in  this  coun- 
try are  made  without  any  gauge  so  that  it  is  no  uncommon  thing 
to  find  one  or  two  of  a  batch  of  fuses  fire  with  as  low  a  voltage 
as  two  or  three  volts,  while  others  require  30  and  40  volts  and  even 
more.  This  uncertainty  in  the  voltage  has  led  to  considerable 
trouble  at  the  mines  which  use  this  system  of  firing  shots.  A 
batch  of  fuses  will  be  taken  into  a  mine  and  perhaps  none  of 
them,  or  only  one  or  two,  will  fire.  The  exploder  is  brought 
out  and  tested,  perhaps  on  a  low  voltage  fuse,  which  it  fires.  It 
is  taken  into  the  mine  again,  when  it  may  fire  some  and  not 
others,  and  so  on. 

In  a  few  mines  where  the  electric  light  is  installed,  fuses  have 
been  fired  by  branch  currents  taken  from  the  lighting  service. 
As  the  voltage  used  for  lighting  is  now  always  100  or  110  volts, 
this  plan  gets  over  both  difficulties,  but  in  the  writer's  opinion, 
and,  he  imagines,  in  that  of  most  members  of  the  Institute,  the 
practice  is  a  very  dangerous  one.  In  some  collieries  in  South 
Wales,  batteries  have  been  entirely  displaced  for  working  both 
the  shaft  and  haulage  signals,  branches  from  the  lighting  service 
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supplying  the  necessary  current.  An  incandescent  lamp  is 
generally  included  in  the  circuit,  so  as  to  reduce  the  strength  of 
the  current  passing  through  tlie  bell  coils.  The  lamp,  which  is 
arranged  to  light  only  when  a  signal  is  given,  gives  visual  notice 
as  well  as  the  audible  notice  given  by  the  bell.  In  one  colliery, 
the  current  for  tiring  shots  is  taken  from  the  end  of  one  of  the 
iron  signal  wires.  It  has  been  found  that  only  one  connection  is 
necessary,  the  other  fuse  wire  being  merely  pushed  into  the 
hole  that  has  been  drilled  in  the  coal  for  the  charge,  making 
contact,  of  course,  with  the  body  of  the  coal.  This  arrangement 
necessitates  there  being  sufficient  leakage  on  the  lighting  system 
to  allow  of  the  mass  of  the  coal  itself,  with  the  rails,  pulleys, 
ropes,  etc.,  in  connection  with  it,  being  used  as  a  return. 

In  the  instance  mentioned,  however,  the  arrangement  has  led 
to  the  somewhat  startling  result,  that  the  polarity  of  the  dynamo, 
placed  on  the  surface,  and  at  some  distance  from  the  pit's 
mouth,  was  twice  reversed,  apparently  by  electric  currents 
induced  in  the  bed  of  the  coal  itself.  In  another  mine  in  Staf- 
fordshire, where  old  wire  ropes  are  used  for  electric  lighting 
mains,  the  leakage  current  is  used  to  work  the  electric  signal 
bells.  In  some  of  the  South  Wales  collieries,  where  a  branch  of 
the  electric  light  service  is  used  to  work  the  signals,  it  is  no  un- 
common thing  to  see  one  of  the  iron  signal  wires  sparking 
riolently  on  the  tops  of  a  train  of  passing  iron  coal  trams. 

For  lighting,  the  almost  universal  practice  in  mines  is  to  have 
at  least  one  compound  wound  dynamo,  driven  by  a  separate 
engine,  laid  down  specially  for  the  purpose. 

In  a  few  cases,  the  surplus  power  of  the  fan  engine  has  been 
used,  but  the  plan  is  not  to  be  recommended,  as  it  ties  the  elec- 
tric light  system  too  much  to  the^requirements  of  the  ventilating 
system.  Added  to  this,  it  leaves  no  margin  for  the  variations 
that  occur  even  in  the  best  made  dynamos,  between  full  load  and 
light  loads. 

The  plan  adopted  by  the  writer  for  a  large  colliery  in  Lan- 
cashire last  summer  seems  the  one  to  be  preferred  Two  dyna- 
mos were  provided,  each  having  its  own  engine.  The  dynamos 
were  constructed  to  give  200  lamps  of  16  c.  p.  each,  and  the  en- 
gines to  work  up  to  about  23  h.  p.  each.  One  dynamo  was  arranged 
to  supply  the  surface  lights  and  the  other  the  underground 
lights,  or  motors  if  they  were  used  ;  but  a  simple  set  of  switches 
was  provided,  so  that  all  the  work,  and  each  part  of  the  work 
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could  be  thrown  on  to  either  dynamo  instantly,  provided  of 
course  that  the  latter  was  running  and  furnishing  its  proper 
voltage.  Fig.  2  shows  the  arrangement  of  the  switch-board  that 
was  used  in  this  ease  and  Fig.  3,  *^a,  the  two  way  switch.  It  will  be 
noticed  that  the  latter  has  good  i*ubbing  surfaces,  and  that  the 
switch  is  completely  locked  on  either  side. 

The  engines  in  this  case  had  only  one  cylinder  each.  They 
were  fitted  with  very  heavy  fly  wheels,  and  with  Acme  governors. 
The  latter  were  arranged  with  adjustable  springs  allowing  for  a 
variation  of  10  per  cent,  in  the  speed  if  required.  This,  how- 
ever, was  not  found  necessary,  but  as  an  instance  of  the  variation 
heretofore  referred  to.     The  two  dynamos  were  made  from  the 


Fig.  8. 

same  iron,  the  same  copper  and  by  the  same  hands,  yet  one  gave 
the  specified  voltage,  110  volts,  at  785  revolutions,  the  other  at  810 
revolutions.  The  writer  prefers  two  cylinder  engines  for  electric 
lighting  work,  for  the  double  reason  that  they  work  more  stead- 
ily— badly  spliced  belts  are  less  noticeable  with  them — and  that 
the  higher  speed  obtained  with  the  smaller  engine,  and  shorter 
stroke,  enables  countershaf  ting  to  be  dispensed  with.  It  will  be 
understood  that  the  two  dynamos  were  not  connected  electrically 
at  all.  Each  did  its  own  work,  whatever  it  might  be.  In  prac- 
tice this  resolved  itself  into  one  dynamo  and  engine  running  for 
40  hours,  and  then  the  other,  and  so  on.     The  colliery  not  being 
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fully  developed  did  not  require  all  the  power  provided.  The 
reason  the  dynamos  were  not  connected  electrically  was,  the 
writer's  experience  has  been  that  when  this  course  is  adopted,  one 
machine  takes  more  than  its  share  of  the  work,  so  that  its  arma- 
ture becomes  strained  if  it  is  supposed  to  be  working  near  its 
normal  output.  Though  the  two  dynamos  are  supposed  to  be 
furnishing  the  same  e.  m.  f.  between  their  terminals,  in  practice 
they  never  do ;  and  if  one  be  only  one-half  volt  ahead  of  the 
other,  the  latter  not  only  cannot  furnish  any  current,  but 
its  coils  furnish  a  path  for  the  current  furnished  by  its  more  pow- 
erful partner. 

Arc  lighting  has  been  almost  entirely  abandoned  for  colliery 
work,  very  largely,  the  writer  believes,  owing  to  his  persistent 
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effort  in  pointing  out  the  solid  advantages  of  large  incandescent 
lamps.  Tlie  improvement  in  the  manufacture  of  32  candle  power, 
50  candle  power  and  100  candle  power  lamps,  and  the  advent  of 
those  of  200  candle  power  and  upwards,  has  rendered  electric 
lighting  very  simple  ;  K^O  candle  power,  200  candle  power  or 
300  candle  power  lamps  are  now  placed  over  coaling  screens  and 
on  pit  banks,  where  arc  lamps  were  formerly  used,  while  in  the 
yards  and  among  sidings  from  300  candle  power  to  600  candle 
power  lamps  are  generally  employed.  ,„,„e,,yGoOgle 
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At  the  coal  washing  machine  of  the  Dowlais  Iron  Company, 
where  a  powerful  light  is  required  for  shunting  trucks  at  night 
and  on  top  of  the  coke  ovens,  600  candle  power  and  1000  candle 
power  lamps  are  used. 

Some  difficulty  has  been  experienced  with  the  1000  candle 
power  lamps  in  the  open,  owing,  in  the  writer's  opinion,  to  the 
manufacture  of  glass  not  having  kept  pace  with  the  requirements 
of  the  lamp. 

for  underground  engine-houses,  offices,  etc.,  the  standard  16 
candle  power  lamps  are  used,  with  an  occasional  50  candle  power 
or  100  candle  power  where  a  specially  good  light  is  required. 

Callender's  cables,  with  bitumen  insulation,  have  been  gener- 
ally used  for  some  years  past  for  colliery  work.  Medium 
insulation  being  used  for  about  the  pit  top  and  on  the  main  roads 
underground  where  it  is  dry — ^heavy  insulation  where  it  is  wet. 

In  the  writer's  opinion,  this  form  of  insulation  is  quite  equal 
to  the  more  expensive  forms  of  rubber  and  gutta  perclia,  if  the 
wet  be  kept  from  it.  For  this  purpose,  for  cables  that  have  to 
be  placed  in  the  shaft,  where  it  is  invariably  wet,  the  writer  has 
the  cable  with  heavy  insulation  overlaid  with  two  thick  layers  of 
jute,  put  on  the  reverse  way,  and  then  with  two  coatings  of  tape 
soaked  in  waterproof  material.  This  covering  appears  to  stand 
all  the  water  that  is  found  in  a  pit  shaft  for  a  good  many  years. 
In  the  writer's  experience,  india  rubber  will  not  stand  for  long 
if  the  wet  gets  to  it,  nor  will  gutta  percha  unless  it  be  very  pure 
and  very  thick.  Since  cable  makers  have  taken  to  adding  other 
material  to  the  o.  p.  they  appear  to  have  taken  three  parts  out  of 
the  life  of  the  material,  where  damp  is  present.  Of  the  few  in- 
stallations of  arc  lamps  still  working  at  collieries,  one  may  be 
mentioned  which  was  fitted  up  by  the  writer's  firm  in  December 
1882.  It  consists  of  five  of  the  mechanical  commutating  Brockie 
lamps,  worked  from  an  old  type  Gramme  dynamo,  furnishing  200 
volts  and  10  amperes  at  1400  revolutions. 

The  lamp,  as  will  doubtless  be  remembered,  has  no  regulating 
system,  except  an  electro-magnet  actuating  a  grip  clutch.  The 
electro-magnet  is  energized  by  a  shunt  current,  brought  direct 
from  the  dynamo,  and  this  current  is  broken  for  an  instant  every 
16  seconds,  by  a  revolving  commutator,  placed  near  the  dynamo. 

There  are  three  shunt  or  feed  wires  for  the  five  lamps,  the 
revolving  commutator  breaking  each  in  succession. 

The  dynamo  in  this  case  is  driven  by  a  double-cylinder  vertical 
engine,  made  by  Tangyes  of  Birmingham,  and  the  whole  apparatus^ 
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has  not  cost  £10  for  repairs  in  the  eight  years  it  has  been 
running. 

Old  wire  ropes,  as  already  indicated,  have  been  used  rather 
extensively  in  two  or  three  mines.  In  some  cases  the  old  rope 
has  been  used  as  a  return,  in  others  as  both  lead  and  return. 
Mr.  Sopwith,  the  manager  of  Cannock  Chase  Colliery  has  led  the 
way  in  this  matter,  and  others  have  followed  him.  It  appears  that 
when  he  determined  to  light  his  colliery  by  electric  light,  he 
decided  to  do  all  the  work  himself,  and  proceeded  to  study  the 
matter  very  carefully.  A  paper  given  by  the  writer  to  the 
North  of  England  Mining  Institute  had  the  honor  of  being  well 
thumbed  amongst  others.  In  the  early  days  of  his  apparatus, 
however,  Mr.  Sopwith  had  trouble  with  some  of  his  cables.  Wet 
got  to  them  and  parted  them.  He  therefore  decided  to  try  old 
wire  ropes.  These  he  has  placed  in  wooden  troughs  in  the  shaft, 
and  filled  in  the  space  round  the  rope  with  a  mixture  of  coal 
dust  and  pitch.  For  distribution  on  the  surface  he  has  had 
brick  troughs  built,  in  which  flat  wire  ropes  are  laid,  bedded  in 
the  coal  dust  and  pitch  mixture.  Underground,  the  writer  be- 
lieves, the  old  ropes  are  just  laid  in  the  coal  dust.  Mr.  Sopwith 
states  that  since  he  adopted  the  above  plan  his  troubles  have 
ceased.  Others  who  have  followed  him  have  not  always  been  so 
fortunate.  In  one  case  where  the  writer  was  asked  his  views  on 
the  matter,  he  pointed  out  that  there  would  be  great  danger  of 
sparks,  and  that  it  would  not  be  necessary  that  the  two  ropes 
should  be  in  contact  with  each  other,  or  both  with  some  other 
conductor,  for  sparks  to  pass.  One  roj^e  might  be  in  contact 
with  a  conductor,  which,  though  not  touching  the  other  rope, 
touched  another  conductor,  and  the  final  contact  or  break  of 
contact,  causing  sparks  to  pass,  might  be  in  such  a  position  that 
it  would  be  diflicult  to  trace  the  connection. 

He  also  pointed  out,  amongst  other  things,  that  wherever  tlie 
ropes  or  their  supports  encountered  moisture,  troublesome  elec- 
tro-chemical actions  tending  to  destroy  the  rope  would  probably 
ensue. 

Both  of  these  predictions  were  verified  almost  to  the  letter. 
Sparks  were  generated  at  the  bottom  of  the  pit  from  just  such  a 
series  of  connections  as  he  had  foreshadowed.  One  rope  touched 
a  sheet  of  galvanized  iron  at  the  landing  stage  at  the  pit  bottom  ; 
that  is  to  say,  sometimes  it  touched  and  sometimes  it  did  not. 
The  iron  sheet  was  bearing  against  an  iron  pipe  which  went  a 
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little  way  into  the  workings  and  this  or  some  other  conductor  in 
connection  with  it  was  bearing  against  one  of  the  insulated  con- 
ductors leading  to  the  lamps  and  had  rubbed  its  insulation  through. 
The  result  was  that  sometimes  the  series  of  connections  were 
complete  and  then  broken,  giving  rise  to  sparks.  In  the  same 
pit,  one  of  the  ropes  before  mentioned  was  eaten  right  in  two  at 
one  of  the  landing  stages  ;  and  in  another  pit  in  which  the  pre- 
caution was  taken  to  fix  one  rope  in  the  down  cast  and  the  other 
in  the  up  cast,  the  iron  supports  of  one  rope,  where  they  were 
driven  into  the  pit  props,  were  eaten  into  just  as  if  they  had 
formed  part  of  a  galvanic  battery,  or  had  been  used  as  anodes  in 
a  plating  bath.  In  another  case  where  a  naked  iron  rope  was 
used  as  a  return,  the  writer  heard  of  a  man  receiving  a  very 
severe  shock,  while  only  160  volts  were  in  use  on  the  system.  It 
was  an  electric  pumping  plant. 

The  writer's  feeling  is  therefore,  that  no  naked  conductors 
for  electric  lighting  or  power  should  on  any  account  be  used 
in  any  part  of  the  mine  and  that  the  insulation  should  at  all 
times  be  maintained  as  high  as  it  possibly  can  be.  Even  for 
cables  used  to  distribute  current  about  the  surface,  the  writer's 
invariable  practice  is  to  use  insulated  wire,  for  fear  that  the  wires 
may  be  brought  accidentally  into  contact  and  the  attendant 
troubles  ensue.  The  writer  understands  that  in  one  mine  in 
America,  power  was  transmitted  at  a  voltage  of  280  or  300  volts, 
the  rails  being  used  as  a  return  and  lamps  being  worked  from  the 
same  system,  arranged  two  in  series.  If  such  an  arrangement 
were  used  in  this  country,  he  would  expect  trouble  to  follow 
before  long. 

Not  a  great  deal  has  yet  been  done  in  transmitting  power  by 
electricity  for  use  in  mines.  There  are  several  isolated  puijiping 
plants  at  work,  one  or  two  haulage  plants,  and  one  or  two  coal 
cutters. 

The  voltage  used  for  pumping  has  been  300  and  500  volts,  in 
one  case  as  much  as  700  being  used.  The  plan  that  has  been 
almost  universally  adopted  for  electric  pumping  plants  has  been  to 
use  a  series  wound  motor,  a  shunt  wound  generator;  both  of  suf- 
ficient power  for  the  largest  amount  of  work  they  may  be  called 
upon  to  do ;  and  a  separate  engine  whose  speed  can  be  varied  in 
Mccordance  with  the  requirements  of  the  work.  The  most  fre- 
(juent  application  of  electrical  pumping  plants  has  been  for  raising 
the  water  out  of  dip  workings,  which  are  ofte^i^^lPS^S^j^tW?^ 
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from  the  shaft,  either  to  the  sump  at  the  pit  bottom  whence  it 
would  be  raised  by  the  main  pumping  engine,  or  tq  the  surface. 
In  dry  seasons  this  water  may  not  be  much,  so  that  the  pump  is 
lightly  loaded.  In  wet  seasons  the  reverse  would  be  the  case. 
Up  to  the  present  these  requirements  have  been  met  by  an  in- 
crease or  decrease  of  speed  at  the  engine,  giving  rise  to  higher 
or  lower  voltage  at  the  terminals  of  the  generator  and  motor, with 
greater  or  smaller  driving  power.  The  writer's  view  is  that  as 
the  use  of  electricity  for  transmitting  power  becomes  more  gen- 
eral, this  system  will  give  way  to  the  simpler  one,  having  only 
two  or  three  dynamos  as  generators,  all  running  at  the  voltage  of 
the  lamps  ;  the  motors  for  the  pumps,  hauling  engines,  etc.,  be- 
ing connected  in  parallel,  just  as  so  many  lamps,  and  the  varia- 
tion of  the  loads  on  the  motors  being  dealt  with  as  so  many  lamps 
turned  in  or  out  would  be.  The  regulation  of  the  increased  or 
decreased  load  on  the  pump  with  varying  seasons,  can  easily  be 
dealt  with  mechanically  and  without  any  waste  of  electrical 
power. 

The  largest  return  obtained  from  an  electrical  pumping  plant  in 
this  country  has  been  40  per  cent,  in  actual  work  done  in  raising 
water,  of  the  brake  horse  power  delivered  to  the  generator.  It 
is  obvious,  however,  that  the  efficiency  of  the  pump  and  the  size 
of  the  delivery  pipes  must  have  a  material  eflFect  upon  this  figure. 

In  the  majority  of  the  pumping  plants  that  have  been  laid 
down  in  this  country,  the  pump  has  been  geared  up  with  one  or 
two  wheels  and  then  driven  by  a  belt  from  the  shaft  of  the 
motor.  Quite  recently,  however,  Messrs.  Golden  &  Co.,  of 
London,  have  worked  out  self-contained  pumping,  hauling  and 
coal  cutting  plants ;  the  motor,  gearing  and  machine  being  all  on 
one  bed  plate.  This,  it  will  be  seen,  places  electrical  mining  plants 
more  on  a  footing  wfth  steam  and  hydraulic  plants,  as  it  is  only 
necessary  to  place  the  combined  machine  on  rails,  run  it  into  its 
place  and  connect  the  branch  cables.  In  working  this  out,  how- 
ever, a  somewhat  unexpected  difficulty  arose.  It  is  one,  the 
writer  believes,  American  engineers  dealt  with  some  time  since 
in  their  tram-car  work,  and  it  is  one  which  it  would  have  been 
thought  that  skilled  mechanical  engineers  would  have  foreseen. 
When  a  belt  was  no  longer  interposed  between  the  motor  shaft 
and  the  pump,  so  that  the  former  had  to  start  against  a  dead  load 
without  any  flexible  coupling  between  that  would  give — few 
armatures  could  be  ffot  to  stand  tlie  strain  ;  thev  broke  up^r^r^T/> 

P  '      ^     Digitized  by  >^J-CJiJVlV^ 

The  reason  of  this  was,  of  course,  the   flinisy  nature  of  ^lie 
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mechanical  joint  between  the  armature  spindle  and  its  core» 
which  for  electrical  reasons  is  usually  provided.  A  sound 
mechanical  joint,  properly  distributed,  got  over  the  difficulty  :it 
at  once. 

Messrs.  Golden  have  also  provided  a  spark  protector  in  the 
shape  of  a  cover  over  the  commutator,  so  that  if  gas  is  present 
where  the  motor  is  working  it  cannot  get  to  the  spark  at  the 
commutator. 


f ARMATURE  WIRE 
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Fig.  4.    Stokes's  Safety  Commutator. 

Though  this  is,  perhaps,  a  necessary  concession  to  the  feelings 
of  mine  owners ;  in  the  writer's  opinion,  it  is  both  useless  and 
unnecessary.  His  view  is,  as  he  expressed  it  at  a  recent  meeting 
of  the  Institution  of  Civil  Engineers,  that  you  cannot  bottle  up  the 
sparks,  but  you  should  reduce  their  tension  below  firing  point. 

Mr.  A.  H.  Stokes,  11.  M.  Inspector  of  Mines  for  Derbyshire, 
has  attacked  the  problem  in  another  way.  He  makes  the  com- 
mutator hollow  and  places  the  brushes  inside.     Experience  wilr 
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prove,  of  course,  if  this  is  successful,  but  the  writer's  view  is 
that  it  will  be  found  to  give  rise  to  more  trouble  with  the 
brushes  than  it  gives  protection  from  explosions.  It  will  never 
be  possible  to  see  if  the  brushes  are  properly  set,  and  any  spark- 
ing which  takes  place  within  the  very  confined  space  available 
will  cause  very  serious  trouble  from  the  heat  developed  (see  Fig.  4). 

In  electrical  haulage,  the  principal  work  has  been  done  in 
Yorkshire :  40  per  cent,  in  weight  of  coal  and  trains  drawn  up 
an  incline  has  been  obtained  in  one  case,  of  the  brake  horse 
power  delivered  to  the  generator. 

The  principal  difiiculties  in  connection  with  haulage  appear  to 
be  the  matters  of  variation  of  speed  and  reversal  of  direction. 
Where  the  system  consists  of  an  endless  rope  always  travelling 
in  one  direction,  the  matter  is,  of  course,  much  simplified  ;  but 
for  variations  of  speed  the  use  of  resistances  in  mines  is  a  matter 
that  requires  great  care,  simple  though  it  s«ems  to  trained  elec- 
trical engineers. 

For  reversals  the  writer's  view  is  that  the  motor  should  always 
travel  in  one  direction  and  the  operation  of  reversing  be  per- 
formed mechanically.  If  the  variation  of  speed  can  also  be  con- 
veniently accomplished  by  mechanical  means,  it  will  be  easier  and 
safer.  In  the  matter  of  gearing  for  reducing  the  speed  between 
motor  and  driving  drum  or  pump,  practice  has  settled  down  after 
many  trials  in  other  fields,  to  what  American  experience  has 
proved  to  be  the  best,  viz. — spur  gearing.  A  short  time  since, 
when  the  writer  was  studying  this  question,  he  sent  to  every  in- 
stitute in  the  United  Kingdom  for  papers  on  the  subject,  but 
none  could  help  him  out.  The  universal  practice  with  other 
appliances  where  reduction  of  speed  was  necessary  was  to  use 
spur  gearing.  Why  was  this?  Why  not  worm  gearing?  At  last  he 
wrote  to  the  Secretary  of  the  American  Society  of  Mechanical 
Engineers,  who  kindly  sent  him  a  copy  of  a  paper  which 
had  been  read  before  his  society,  which  gave  the  solution 
of  the  whole  problem.  From  a  careful  series  of  experiments  made 
by  Messrs.  Sellers,  it  appears  that  while  you  can  get  98  per  cent, 
return  of  your  power  with  spur  gearing,  and  rarely  less  than  90  per 
cent,  without  much  wear;  with  worm  gearing  75  per  cent, 
was  the  utmost  you  could  get  by  any  means,  60  per  cent, 
and  less  was  more  nearly  the  rule,  and  the  wear  was 
very  heavy,  A  namesake  of  the  writer's,  Mr.  J. 
Blake  Walker,  the  manager  of  one  of  the  Yorkshire 
collieries  has  introduced  a  system  of  electric  hat^^ej^iir' wMSi 
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the  old  wire  rope  is  used  as  a  conductor,  the  motor  travelling 
over  it,  and  taking  its  current  from  it.  The  object  of  this  plan 
is  stated  to  be  the  saving  of  the  power  expended  in  driving  the 
rope ;  but  it  appears  to  be  forgotten  that  power  is  also  expended 
in  driving  an  electric  current  thrf/agh  a  rope,  just  as  in  driving 
the  rope  round  a  pulley.  The  writer  has  not  heard  how  far  the 
plan  has  been  successful,  or  if  there  be  any  margin  between  the 
above  two  figures. 

The  only  other  matter  the  wnter  proposes  to  deal  with  is  that 
of  the  volt  ige  that  should  be  used  in  mines.  His  view  is  that 
while  those  engaged  in  a  mine  are  becoming  accustomed  to  the 
use  of  electricity,  the  voltage  should  be  kept  as  low  as  possible; 
and  he  believes  that  though  low  voltage  means  a  larger  expendi- 
ture for  copper,  the  interest  on  the  difference  between  the  cost  of 
cables  under  say  100  volts  and  500  volts,  will  be  more  than 
balanced  by  the  saving  in  the  cost  of  maintenance,  owing  to  the 
great  difficulty  of  maintaining  the  insulation  with  the  higher  vol- 
tage. Added  to  which,  it  will  be  a  great  convenience  to  work 
all  the  electrical  appai'atus  from  one  source  of  supply.  As 
already  indicated  however  his  views  on  this  point,  though  accepted 
by  mining  engineers  have  not  been  by  electrical  engineers.  The 
writer  regrets  that  he  will  not  be  able  to  attend  the  reading  of 
his  paper  in  person ;  but  will  be  pleased  to  reply  to  any  criticisms 
or  to  answer  any  questions  that  may  be  asked ;  and  may  per- 
haps at  some  future  day  hope  to  have  the  opportunity  of  meet- 
ing his  American  fellow  members. 

Discussion, 
[communicated  by  hollon  c.  spaulding.] 

I  have  read  Mr.  Walker's  paper  with  great  interest,  and  I  must 
add  a  little  surprise,  as  showing  a  transition  state  which  I  had 
imagined  the  British  electric  mining  engineers  to  have  suffered 
from  less  than  their  American  cousins.  Certainly  some  of  the 
make-shift  methods  described  by  Mr.  Walker  are  not  of  the 
ultra-conservative  ways  which  have  been  held  up  to  us  on  this 
side  of  the  water  as  types  of  English  practice  in  some  lines  of 
scientific  work. 

While  agreeing  in  general  with  the  statements  contained  in  the 
article,  I  may  call  attention  at  random  to  some  points  of  differ- 
ence in  opinion  and  practice.  In  regard  to  the  reversal  of  motors 
for  instance,  the  writer's  experience  would  certainly  warrant  the 
reversal  of  the  armature  itself  by  electrical  means  instead  of  more 
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cumbersome  mechanical  methods.  From  the  smallest  size  up  to 
electric  hoisting  machines  of  60  horse  power  brake  capacity,  for 
example,  no  trouble  has  been  experienced  with  this  method,  and 
we  certainly  see  no  reason  for  turning  to  earlier  devices  for 
accomplishing  the  same  results. 

While  the  question  of  spur  vs.  worm  gearing  is  still  an  open 
one,  the  advantages  of  compactness  and  silence  go  a  good  ways  in 
recommending  worm  gearing  in  some  lines  of  work,  and  it  is  cer- 
tainly a  debatable  point,  whether  the  difference  in  efficiency 
amounts  to  more  than  a  negligible  quantity  when  a  well  lubricated 
worm  and  gear  takes  the  place  of  the  two  pairs  of  spur  gears.  ( )ne 
example  in  particular  occurs  to  the  writer  as  an  illustration.  A 10 
horse  power  motor  having  been  in  use  for  several  months  in  a 
travelling  crane,  the  worm  having  a  maximum  speed  of  1600 
revolutions  per  minute  and  being  placed  over  the  gear,  both  being 
entirely  encased  in  an  oil  tight  jacket  and  the  teeth  of  the  gear 
acting  as  paddles,  delivering  a  constant  supply  of  oil  to  the  con- 
tact point. 

I  cannot  quite  understand  Mr.  Walker's  difficulty  in  operating 
two  or  mors  generators  in  multiple,  both  machines  supplying 
current  to  the  same  system  of  feeders,  from  which  may  be 
operated  lights  or  motors  for  various  kinds  of  work.  What  is 
known  to  our  engineers  as  an  "  equalized  bar,"  supplying  a  close 
connection  between  the  armatures  of  various  machines  working 
together,  seems  to  answer  every  requirement  .in  the  writer's 
experience. 

The  switch-board  shown,  while  certainly  ingenious  in  its 
arrangement,  would  apparently  not  answer  our  American  require- 
ments as  the  switches  are  all  single  pole  instead  of  double. 

As  to  the  voltage  to  be  used  in  mining  operations,  the  Amer- 
ican practice  of  nothing  higher  than  220  volts  below  the  surface 
seems  to  correspond  most  satisfactorily  with  Mr.  Walker's  ideas. 

The  development  of  a  line  of  air  and  gas-tight  motors  and  ac- 
cessory apparatus  is  certainly  most  interesting  as  increasing  the 
field  of  usefulness  and  safety  in  fiery  mines,  but,  without  going 
into  the  subject  in  detail,  is  not  the  true  solution  of  the  problem 
of  electric  installations  in  fiery  mines,  the  provision  of  such  a 
thorough  ventilating  system  as  is  offered  to  better  advantage 
than  in  any  other  way  by  the  flexibility  and  ease  of  manipulation 
of  a  low  voltage  constant  potential  power  and  lighting  system  ? 


Digitized  by 


Google 


448  WALKER  OJV  ELECTRICITY  IN  MINING.  [May  31, 

[communicated   by    H.  ward  LEONARD.] 

Almost  every  English  electrical  engineer,  who  has  visited  in 
the  United  States,  has  been  reported  as  being  very  much  surprised 
at  the  inferior  quality  of  our  construction  work  here,  as  com- 
pared with  that  done  in  England.  It  is,  therefore,  with  no  small 
amount  of  surprise  that  I  observe  the  methods  which  Mr.  Walker 
describes  as  being  in  use  in  the  mines  in  England  The  char- 
acter of  the  work  which  he  describes  as  having  been  done  in  con- 
nection with  signalling  system  in  mines  in  England  is  such  that 
it  is  not  at  all  surprising  that  he  states  that  only  ''  one  telephone 
has  survived  "  which  has  been  installed  for  mining  use,  and  that 
this  one  has  survived  is  surprising,  in  view  of  the  character  of  the 
work  which  he  mentions. 

The  following  is  a  quotation  from  his  paper  : 

"  The  great  difficulties  that  have  been  met  with  in  maintaining  the  engine 
plane  signal  are :  the  practical  impossibilities  of  keeping  up  the  insulation,  and 
the  therefore  constant  drain  upon  the  battery  from  the  Icakaire  current,  etc. 

The  numerous  joints  that  are  made  in  the  wires,  owing  to  the  constant  break- 
age ;  each  joint  introducing  considerable  resistance  into  the  circuit  from  its 
being  not  only  unsoldered,  but  not  even  tightly  twisted  or  the  ends  of  the 
wires  clean.'* 

This  statement  indicates  a  lack  of  knowledge  as  to  the  necessary 
conditions  in  order  to  secure  success  and  a  lack  of  proper  mater- 
ials for  the  work  undertaken  which  it  is  difficult  to  conceive. 
The  quality  of  the  mine  fuses  used  in  the  mines  in  England 
appears  to  be  inexcusably  bad,  judging  by  his  statement  that 
these  fuses  vary  so  greatly  in  the  quality  as  to  require  sometimes 
two  or  three  volts,  while  others  require  30  or  4o  volts  at  the 
generator  in  order  to  supply  sufficient  current  to  fire  them.  It  is 
not  surprising  that  this  uncertainty  has,  as  he  states,  led  to  con- 
siderable trouble  at  the  mine  which  uses  this  system  of  firing  shots. 

Another  quotation  is  as  follows  : 

*•  In  one  colliery  the  current  for  firing  shots  is  taken  from  the  end  of  one  of 
the  iron  signal  wires.  It  has  been  found  that  only  one  connection  is  necessarv, 
the  other  fuse  wire  being  merely  pushed  into  the  hole  that  has  been  drilled  m 
the  coa  for  the  charge,  making  contact,  of  course,  with  the  body  of  the  coal. 
This  arrangement  necessitates  there  being  suflilcient  leakage  on  the  lighting  sys- 
tem to  allow  of  the  mass  of  the  coal  itself,  with  the  rails,  pulleys,  ropes,  etc., 
in  connection  with  it,  being  used  as  a  return.*' 

It  is  difficult  to  believe  that  such  an  instance  as  this  can  be 

cited  for  any  other  purpose  than  to  show  how  extremely  unsatis- 

fa  tory  the  use  of  electricity  will  prove  when  installations  are 

made  in  total  disregard  of  proper  requirements  and   methods. 

That  any  one  having  any  knowledge  of  the  subject  should  voL 

untarily  use  a  leakage  current  from  a  lighting  system  for  the 

purpose  of  operating  such  important  work  as  shafts  and  haulage 
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signals  and  the  explosion  of  mine  fuses  seems  incredible  to  any 
one  who  has  had  any  connection  with  the  use  of  electricity  for 
important  operations. 

Mr.  Walker  mentions  what  he  very  properly  calls  **  a  startling 
result,"  namely  that  "  the  polarity  of  the  dynamo  placed  on  the  sur. 
face  was  twice  reversed,  apparently  by  the  electric  currents  induced 
in  the  bed  of  the  coal  itself .''  It  is  probable  that  the  dynamos  for 
incandescent  lighting  are  shunt-wound,  as  is  common  practice  in 
this  country ;  and  how  any  possible  cun*ent  produced  by  the  dy- 
namo, of  the  nature  which  he  described,  could  reverse  its  field  it  is 
difficult  to  understand;  in  fact,  appears  ridiculous,  especially  in  view 
of  his  statement  that  it  was  apparently  by  electric  currents  which 
were  "  induced  "  in  the  bed  of  the  coal  by  a  continuous  current. 

It  is  rather  surprising  that  one  of  the  reasons  advanced  by  Mr. 
Walker  why  two-cylinder  engines  are  preferable  for  electric 
trie  lighting  work  is  that  "  badly  spliced  belts  are  less  noticeable 
with  them."  Belts  which  are  so  badly  spliced  as  to  occasion 
flicker  in  the  lights  are  a  feature  of  electric  lighting  work  which 
I  have  not  seen  in  the  past  eight  years  in  this  country  where  the 
plant  has  been  installed  by  any  one  who  has  ever  had  any  pre- 
vious experience  with  the  subject. 

Mr.  Walker  states  that  he  found  it  impossible,  in  his  experience, 
to  properly  operate  two  dynamos  in  multiple  arc  with  each  other. 
He  states  that,  "  while  the  dynamos  are  supposed  to  furnish  the 
same  e.  m.  f.  between  their  terminals,  in  practice  they  never  do." 
Apparently  Mr.  Walker  is  totally  unfamiliar  with  the  methods 
which  are  in  use  throughout  the  world  for  equalizing  the  e.  m.  f. 
and  conse(iuent  current  of  dynamos  in  multiple  arc.  It  would 
probably  surprise  Mr.  Walker  greatly  to  see  what  is  common 
practice  with  the  Edison  company  in  this  country,  viz  :  the  oper- 
ation of  as  many  as  twenty  different  dynamos,  frequently  of  diff- 
erent sizes,  all  operating  in  multiple  arc  and  dividing  the  current 
exactly  in  proportion  to  their  sizes. 

If  we  can  judge  from  Mr.  Walker's  paper,  it  is  common  prac- 
tice in  the  mines  in  England  to  use  the  old  wire  rope  for  electric 
conductors.  That  any  such  conductors  should  be  used  in  a  mine 
is  only  less  surprising  than  that  a  party,  whom  he  states  studied 
the  matter  very  carefully,  proceeded  to  insulate  the  old  wire  rope 
by  "  a  mixture  of  coal  dust  and  pitch."  Mr.  Walker  states  that 
the  gentleman  who  originated  this  novel  insulation  met  with  entire 
success ;  but  I  am  not  surprised  at  the  further  statement  th^ 
"others  who  have  followed  him  havenot  always  been  so  fortunate." 
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In  view  of  the  character  of  tlie  work  which  Mr.  Walker  de- 
scribes, it  ifi  very  amusing  to  notice  his  statement,  that  he  under- 
stands that  "  in  one  mine  in  America  the  power  was  transmitted 
in  a  voltage  of  280  or  3i>0  volts,  the  rails  being  used  as  a  return, 
and  lamps  being  worked  from  the  same  system,  arranged  two  in 
series ;"  and  that  "  if  such  an  arrangement  were  used  in  England 
he  would  expect  troul)le  to  follow  before  long." 

Mr.  Walker  states  that  a  short  time  ago,  while  he  was  studying 
the  proper  kind  of  gearing  for  haulage  he  "  sent  to  every  insti- 
tute in  the  United  Kingdom  for  information  on  the  subject,  but 
none  could  help  him  out."  He  seemed  surprised  to  learn  that,  in 
other  appliances,  where  reduction  of  speed  was  necessary  *'  spur 
gearing  was  generally  preferred,"  and  he  asks,  "  Why  was  this  ? 
Why  not  worm  gearing  ? "  And  it  is  rather  pleasing  to  learn 
that  he  at  length  secured  "  the  solution  of  the  whole  problem  " 
by  receiving  a  copy  of  a  paper  which  had  been  read  before  the 
American  Society  of  Mechanical  Engineers,  which  apparently 
had  supplied  to  the  English  public,  for  the  first  time,  data  as  to 
the  comparative  efficiency  of  spur  gearing  and  worm  gearing. 

It  seems  hardly  possible  that  Mr.  Walker,  in  his  paper,  has  de- 
scribed practice  in  electrical  engineering  which  is  common  in 
England ;  and  yet  one  cannot  avoid  the  inference  that  he  himself 
believes  so.  In  view  of  the  publications  in  the  American  jour- 
nals— some  of  which  have  been  copied  in  the  English  journals — 
regarding  the  character  of  mine  installations  in  America,  it  seems 
entirely  unnecessary  to  make  any  comparison  between  the  kind 
of  work  which  is  done  here,  and  the  kind  of  work  which  is  de- 
scribed by  Mr.  Walker.  I  can  only  say  that  no  one  of  the  diffi- 
culties which  Mr.  Walker  has  pointed  out  as  the  principal  ones 
to  be  met  with  in  mining  has  been  considered  as  such  by  the 
Edison  company,  and  that  the  actual  important  difficulties  which 
are  met  with  in  replacing  other  power  by  electric  power  in  min- 
ing installations  have  apparently  been  overlooked  entirely  by  Mr. 
Walker.  The  transmission  of  a  large  amount  of  power  over 
several  miles  and  its  utilization  at  the  point  of  use  for  the  purpose 
of  operating  concentrators,  arc  lights,  incandescent  lights,  hoists, 
pumps,  locomotives  and  mining  drills — both  rotary  and  percus- 
sion— involves  problems  in  electrical  engineering  beside  which 
the  difficulties  which  Mr.  Walker  has  touched  upon  fall  into  utter 
insignificance ;  and  yet  it  is  work  of  this  character  which  is  going 
on  daily  in  this  country  by  more  than  one  of  the  leading  com- 
panies. Uigitized  by  \^KJKJ^l^ 
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ON  THE  KELATION   OF   THE  AIR  GAP   AND  THE 

SHAPE  OF  THE  POLES  TO  THE  PERFORMANCE 

OF  DYNAMO-ELECTRIC  MACHINERY. 


BY   HARBI8   J.    RYAN. 


The  object  of  this  paper  is  not  to  deal  with  the  subject  in  a  new 
light,  but  to  add  to  its  literature  a  limited  amount  of  data,  the 
deductions  from  which  go  to  establish  the  correctness  of  the  ideas, 
and  the  utility  of  the  suggestions  put  forth  in  the  papers  read  by 
Messrs.  Swinburne  and  Esson,  at  the  meetings  of  the  Institution 
of  Electrical  Engineers  on  Feb.  13  and  20,  1890.  Up  to  the 
time  of  the  publication  of  these  papers,  the  air  gap  was  usually 
treated  by  contributors  to  electrical  literature  as  an  evil  in  a 
dynamo,  having  a  necessary  existence,  and  the  smaller  that  it 
could  conveniently  be  made  the  better.  The  shape  of  the  poles 
had  often  been  spoken  of  as  having  a  somewhat  decided  eifect  on 
the  performance  of  the  dynamo,  while  but  little  had  been  said  re- 
garding the  cause  of  such  an  effect. 

There  exists  some  difference  of  opinion  as  to  what  should  be 
known  as  the  number  of  ampere  turns  on  an  armature.  For  our 
present  purpose  we  will  assume  that  the 

(  The  No.  of  conduct- )        (  Strength  of  cur-  > 

\  ore  on  the  surface  of  [■  X  ■]  "^^^  ^  thearma  - 

.  .  ,  /  the  armature  \        ( ture  conductors  \ 

Armature  ampere  turn8=: Number  of  poles. 

Referring  to  Fig.  1,  it  is  evident  that  when  we  consider  the 
magnetic  forces  acting  in  a  working  dynamo  by  the  route  o,  i,  j,  o, 
that  the  entire  number  of  ampere  turns  on  the  armature  are 
directly  opposed  in  action  to  the  ampere  turns  on  the  field.  By 
the  route  o,  m,  n,  o,  all  the  ampere  turns  on  the  armature  except 
those  that  lie  between  the  double  angle  of  lead  g,  e,  are  acting 
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with  the  field  ampere  turns,  while  those  between  g,  e,  are  opposed 
to  the  same.  Therefore  by  this  route,  the  total  number  of  ampere 
turns  actually  aiding  the  field  ampere  turns  is  the  total  number  of 
armature  ampere  turns,  minus  twice  the  number  of  ampere  turns 
that  lie  between  the  double  angle  of  lead.  By  the  route  o,  k,  l,  o, 
the  number  of  ampere  turns  acting  is  the  number  of  ampere  turns 
on  the  field,  minus  the  number  of  ampere  turns  that  lie  between  the 
double  angle  of  lead.  We  can  then  estimate  with  ample  practical 
accuracy  the  magnetic  density  in  the  air  gap  at  all  points,  for  any 
given  total  amount  of  magnetization  through  the  armature.     The 

nonnnno 


i)0(£)e(^^^ 


ampere  turns  that  lie  between  the  double  angle  of  lead  are 
opposed  to  the  action  of  the  field  ampere  turns  at  all  points.  It 
is  evident  that  the  portion  of  the  armature  ampere  turns  not  in- 
cluded between  the  double  angle  of  lead  will  increase  the  mag- 
netization through  the  air  gap  by  the  route  o,  m,  n,  o,  just  as  much 
as  they  diminish  it  along  the  route  o,  i,  j,  o,  as  long  as  magnetic 
saturation  does  not  take  place  in  the  strengthened  pole  comers 
o,  D.  If  the  pole  comers  are  thin,  as  in  the  types  shown  in  figures 
2,  3  and  5,  saturation  is  apt  to  occur.  It  is  then  that  the  mag- 
netic resistance  increases  by  the  route  o,  m,  n,  o,  and  the  magnetic 
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density  by  this  route  is  no  longer  increased  by  the  same  amount 
that  it  is  diminislied  along  the  route  o,  i,  j,  o.  On  the  other  hand, 
when  the  pole  corners  are  fashioned  as  seen  in  figures  4  and  6,  so 
that  saturation  in  the  strengthoned  pole  corners  can  not  occur  in 
practice,  the  current  in  the  armature  can  produce  no  modification 
of  the  total  amount  of  magnetization  through  it,  otlier  than  that 
which  is  produced  by  the  action  of  the  ampere  turns  tliat  lie  be 
tween  the  double  angle  of  lead.  This  action  can  always  be  com 
pensated  for  by  putting  an  equivalent  number  of  series  ampere 
turns  on  the  field  acting  with  the  field  ampere  turns.  The  double 
angle  of  lead  can  be  determined  with  suflicient  accuracy,  for  with 
pole  corners  slightly  extended  at  the  centre,  see  Fig.  11,  the 
diameter  of  commutation  at  all  loads  is  very  near  the  weakened 


ftg.  2. 

pole  corners.  The  pole  corners  are  slightly  extended  at  the 
centre,  so  that  the  coils  always  enter  the  field  of  the  weakened 
pole  corners  gradually.  The  e.  m.  f.  developed  in  the  coils  as  they 
pass  under  the  poles  can  never  be  far  different  from  tliat  actually 
needed  to  reverse  the  current  in  the  coil  wlien  passing  under  the 
brush.  In  this  way  the  point  of  commutation  in  a  dynamo  can 
be  kept  the  same  when  carbon  brushes  are  used  without  undue 
sparking,  as  long  a£  the  armature  does  not  reverse  the  magnet- 
ization under  the  weakened  pole  cornei-p. 

From  the  discussion  of  the  magnetic  relations  of  an  armature 
to  its  field  in  a  dynamo  in  connection  with  Fig.  1,  it  is  seen  that 
the  magnetization  in  the  air  gap  under  the  weakened  pole  comers 
becomes  zero,  when  the  armature  ampere  tui-ns  are  equal  to  the 
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ampere  turns  on  the  field,  whose  magnetizing  force  is  impressed 
between  its  pole  faces  through  the  armature.  This  impressed 
magnetizing  force  is  that  due  to  the  difference  between  the  total 
number  of  ampere  turns  on  the  field  and  the  number  of  ampere 
turns  required  to  set  up  the  magnetization  through  the  field  cores, 
from  pole  face  to  pole  face.  In  order  to  commutate  the  current 
without  spark  at  the  commutator,  the  magnetization  in  the  air  gap 
under  the  weakened  pole  corners  dare  never  be  allowed  to  become 
zero.  It  follows  then  that  the  field  ampere  turns  impressing  a 
magnetizing  force  between  the  pole  faces  must  always  be  some- 
what in  excess  of  the  maximum  number  of  ampere  turns  on  the 
armature.  The  amount  of  this  excess  need  only  be  sufficient  to 
insure  a  positive  field  at  a  and  b,  Fig.  1,  strong  enough  to  reverse 
the  current  in  the  coils  aa  tliey  are  commutated.  When  a  certain 
amount  of  magnetization  is  to  be  set  up  through  an  armature 
with  the  application  of  the  magnetizing  ffirce  of  a  given  number 
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of  ampere  turns  impressed  between  the  pole  faces,  we  must  pro- 
vide the  requisite  amount  of  magnetic  resistance  between  these 
pole  faces.  The  value  of  this  resistance  will  have  to  be  such  that 
the  impressed  field  magnetizing  force  will  establish  the  desired 
amount  of  magnetization.  This  resistance  in  most  cases  is  best 
provided  for  in  a  proper  length  of  air  gap.  In  general  it  is  found 
best  to  avoid  heating  in  the  armature  core  as  far  as  consistent,  by 
the  use  of  comparatively  low  magnetic  densities  for  wrought-iron. 
The  magnetic  resistance  of  the  armature  core  under  these  circum- 
stances is  very  small  and  may  be  neglected. 

The  magnetic  resistance  between  the  pole  faces  is  occasionally 
provided  for  largely,  either  through  a  saturated  core  of  a  ring 
armature,  saturated  lugs  on  armatures  where  the  wires  are  placed 
in  grooves,  or  both.  This  in  addition  to  what  air  gap  may  be 
necessary  from  a  mechanical  point  of  view,  go  to  make  up  the 
total  amount  of  magnetic  resistance  that  is  provided  between  the. 
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pole  faces.  Machines  of  this  order  have  been  developed  largely 
through  the  old  and  rather  expensive  method  of  experimentation. 
This  method  has  given  us  some  types  in  which  ordinary  results 
are  arrived  at,  through  rather  extraordinary  means.  Take  the 
<»8e  of  a  machine  with  a  ring  armature,  wires  wound  in  grooves, 
a  very  small  air  gap,  and  poles  shaped  somewhat  as  shown  in  Fig. 
2.  Such  a  machine  operated  as  a  dynamo,  may  require  only  a 
quarter  of  the  number  of  ampere  turns  that  it  will  have  on  the 
armature  at  full  load  for  field  excitation,  in  order  to  produce  a 
certain  e.  m.  f.  at  a  given  speed.  Yet  this  machine  produces  a 
fairly  constant  potential  at  the  brushes  under  all  variation  of  load, 
and  without  undue  sparking  at  the  commutator  in  the  following 
manner :  For  the  production  of  a  constant  e.  m.  f.  at  constant 
speed,  the  total  magnetization  through  the  armature  must  remain 
•constant.     At  no  load  one  fourth  of  the  ampere  turns  needed  on 


the  field  at  full  load,  are  provided  by  a  shunt  winding.  This 
shunt  winding  is  sufficient  to  set  up  the  total  amount  of  magnet- 
ization for  the  production  of  the  normal  e.  m.  f.  of  the  machine 
when  there  is  no  current  in  the  armature.  Now  in  order  to  take 
the  normal  current  from  the  armature  without  reversing  the 
magnetization  under  the  weakened  pole  corners,  three  times  as 
many  series  ampere  turns  as  there  are  shunt  ampere  turas  must  be 
added  to  the  field.  The  addition  of  these  series  ampere  turns 
must  not  increase  the  total  amount  of  magnetization  through  the 
armature,  which  is  accomplished  by  the  thin  pole  corners.  The 
strong  pole  corners  become  saturated  when  the  armature  is  furnish- 
ing even  a  small  amount  of  the  normal  current  for  which  it  is 
-designed.  For  most  values  of  the  current  then,  the  armature 
ampere  turns,  tend  to  diminish  the  magnetization  under  the 
weakened  pole  corners,  but  can  not  increase  ut|tiz§?ff^?R9C^WK^y 
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under  the  saturated  pole  comers.  The  action  of  the  series  ampere 
turns  on  the  field  prevents  the  reduction  of  the  magnetization 
under  the  weakened  pole  corners  to  zero,  while  the  saturated  por- 
tion of  the  pole  pieces  prevents  the  increase  of  the  total  magnetiza- 
tion through  the  armature,  and  thus  a  constant  potential  is  main- 
tained. 

The   '* armature    characteristic"  iv.  plotted   in  Fig.    7,   was 
taken  from  the  machine  of  the  above  sort,  built  with  cast-iron 


J'Hi,  S. 


fields.  The  crossnaection  of  the  field  cores  proved  on  trial  to  be 
too  small,  and  became  strongly  saturated  at  full  load, — ^while  they 
were  quite  a  little  under  the  point  of  satuj-ation  at  no  load.  This 
curious  result  for  a  constant  potential  generator  was  due  to  the 
increased  magnetic  leakage,  produced  as  the  series  ampere  turns 
on  the  field  came  up  with  the  load.  Saturation  took  place  as  the 
curve  indicates,  when  the  armature  furnished  a  current  of  about 
140  amperes,  and  no  possible  compounding  could  ever  make  tliisr 
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generator  produce  even  approximately  a  constant  potential,  with 
variation  of  load.  Steel  cores  of  the  same  dimensions  were  sub- 
stituted for  the  cast-iron  cores.  Saturation  did  not  occur  in  them 
due  to  magnetic  leakage.  The  pole  corners  were  very  thin,  as  in 
Fig.  2,  and  the  ^^ armature  characteristic"  iii.  was  obtained. 
The  machine  was  then  furnished  with  a  shunt  winding  that  pro- 
duced a  slightly  smaller  number  of  initial  ampere  turns  than 
curve  III.  indicates  as  required  to  produce  125  volts,  and  with 
series  turns  at  such  a  number  that  the  total  number  of  ampere 
turns  on  the  field  for  any  current  developed  by  the  armature  is 
shown  by  the  broken  line  drawn  through  curve  in.  It  was 
under  these  conditions  that  the  machine  performed  in  the  manner 
described  above,  and  did  not  vary  more  than  5  per  cent,  from  the 
normal  e.  m.  f.  on  either  side,  or  a  total  variation  of  10  per  cent. 


AT 


yv 


JFig,6i 

It  was  then  almost  entirely  rebuilt.  The  armature  was  provided 
with  a  core  that  was  considerably  larger  in  cross-section,  and  the 
maximum  magnetic  density  used  in  it  was  11,000  lines  per  sq. 
cm.  as  ajrainst  20,000  used  before.  The  lugs  on  the  core  were 
dispensed  with,  and  the  wires  wound  on  the  surface  of  the  core. 
The  poles  were  made  of  cast-iron,  and  fashioned  to  accord  more 
nearly  with  those  in  Fig.  3.  The  air  gap  required  ten  thousand 
ampere  turns  to  set  up  the  magnetization  through  it  at  no  load, 
while  the  armature  ampere  turns  were  8,000  at  normal  output,  so 
that  series  ampere  turns  had  only  to  be  added  to  counteract  the 
action  of  the  ampere  turns  on  the  armature  that  lie  between  the 
double  angle  of  lead,  to  increase  slightly  the  e.  m.  f.  by  the 
amount  equal  to  the  fall  of  potential  through  the  armature  caused 
by  its  resistance,  and  to  compensate  for  the  sli&:ht  effect  of  the 
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pole  corners  that  still  became  saturated  to  a  limited  extent  for 
the  higher  outputs.  It  should  be  remembered  that  the  magnetic 
leakage  that  takes  place  between  the  adjacent  north  and  south 
pole  corners,  one  of  which  is  strongly  and  the  other  weakly  mag- 
netized, plays  an  important  part  in  saturating  thin  pole  comers. 
It  is  evident  that  unless  the  ''armature  characteristic"  is  a 
straight  line  as  in  curve  i.,  Fig.  7,  that  the  machine  can  not  be 
made  to  regulate  for  constant  potential  with  a  high  degree  of  re- 
finement. The  poles  were  again  changed  and  shaped  as  in  Fig. 
4,  when   an   "armature  characteristic"   given   in  curve  i.  was 
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obtained,  and  the  proper  number  of  shunt  and  series  ampere 
turns  for  a  refined  degree  of  regulation  were  readily  decided 
upon..  These  experiments  confirm  what  has  been  said  above,  and 
show  how  useless  have  been  the  attempts  to  diminish  the  air  gap 
beyond  certain  limits. 

It  was  shown  in  the  outset  how  we  can  calculate  the  actual 
magnetic  densities  in  the  air  gap  for  any  total  magnetization 
through  the  armature,  for  any  armature  current.  The  results  of 
the  following  experiments  confirm  the  correctness  of  these 
methods.  The  diagrams  in  Fig.  8,  give  the  values  of  the  mag- 
netic density  at  all  points  of  the  air  gap  of  a  generator  producing 
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125  volts  at  the  brushes  and  80  amperes.     The  following  are  its 
dimensions  and  data: 

Diameter  of  annature  core 6.26  in. 

Length  of  armature  core 12.     in. 

Diameter  of  bore  of  poles 7.19  in. 

Double  depth  of  a*r  gap .94  in. 

Armature  sections 50. 

Turns  per  section 2. 

Resistance  of  armature .06  ohms. 

Poles  shaped  as  in  Fig.  8, 

Shunt  turns  on  field 0400. 

Field  current,  no  load,  126  volts 1.48 

Field  current,  full  load,  126  Yolts 2.10 

Speed 1 600. 

Carbon  brushes  used  without  lead. 

The  ^^  armature  characteristic  "  curved  considerably,  indicating 
that  the  pole  comers  become  saturated.     It  is  evident  too  that 
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the  normal  magnetization  in  the  pole  comers  in  addition  to  the 
magnetic  leakage  which  is  greater  there  than  anywhere  else,  pro- 
duced saturation  in  all  pole  corners,  even  with  no  current  in  the 
armature.  For  at  full  load  there  were  4,000  ampere  turns  on  the 
armature,  while  4,000  series  ampere  turns  had  to  be  added  to  the 
field  that  produced  125  volts  at  no  load  to  keep  the  e.  m.  f.  the 
same.  Therefore  at  full  load  we  have  the  same  number  of 
ampere  turns  acting  through  the  weakened  pole  comers  as  at  no 
load,  and  the  total  amount  of  magnetization  has  only  been  in- 
creased 5  per  cent.,  to  compensate  for  the  resistance  of  the 
armature  conductors  The  conditions,  however,  are  not  the  same, 
for  there  are  just  4000  more  ampere  turns  to  cause  magnetic 
leakage  at  the  pole  corners,  so  that  on  the  whole  the  magnetization 
in  them  is  increased.  This  increase  of  magnetic  density  in  them 
greatly  increases  their  magnetic  resistance,  for  they  are  saturated 
to  begin  with.  It  is  on  this  account  that  we  find  the  magnetiza- 
tion under  the  weakened  pole  corners  diminished,  when  apparently 
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the  forces  acting  have  not  been  changed.  The  magnetization 
under  the  strengthened  pole  corners  through  the  air  gap  is  in- 
creased more  than  it  is  diminished  by  the  effect  of  the  added 
magnetic  leakage,  through  the  8000  additional  ampere  turns  that 
act  to  produce  magnetization  by  this  route  through  the  armature. 
In  Fig.  9  the  diagrams  show  the  magnetic  action  of  the  arma- 
ture of  a  10  H.  p.,  110  volt  motor,  with  poles  fashioned  as  in  Fig» 
6.  Measurements  of  the  magnetic  leakage  were  made  on  this 
motor,  and  the  results  indicate  that  the  shape  given  to  the  pole 
corners  avoided  saturation  in  them  even  at  full  load.  The  double 
angle  of  lead  was  almost  60  degrees.  The  ampere  turns  embraced 
by  it  on  the  armature  were  partially  compensated  for  by  9  series 
turns  on  each  of  the  consequent  field?.  The  remainder  of  the 
armature  ampere  turns  that  lie  between  the  double  angle  of  lead 
served  to  weaken  the  field  by  just  the  amount  required  to  produce 
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a  constant  speed.     The  following  figures  give  additional  data  on 
this  motor : 

Diameter  of  armature  core 

Diameter  over  all     

Bore  of  poles 

Double  air  gap 

Shunt  turns  on  field 

Shunt  current  at  110  volts 

Ampere  turns  on  field  at  110  volts 7800. 

Ampere  turns  on  armature  at  full  load 5750. 

Armature  sections 48. 

Turns  per  section 8. 

Speed 1200. 

The  ampere  turns  required  to  set  up  2,600  lines  per  sq.  cm. 
through  a  distance  of  1.05  in.  or  2.64  cms.  in  open  air — 
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This  is  the  number  of  field  ampere  turns  that  exerted  their  mag- 
netizing  force  between  the  pole  faces  through  the  armature.     The 
ampere  turns  acting  through  the  weakened  pole  corners  are,  there- 
fore, very  near  zero,  which  is  entirely  corroborated  by  the  fact 
that  the  magnetization  was  observed  to  be  zero  at  this  point.     See 
full  load  curve  in  Fig.  9.     Through  the  strong  pole  corners  the 
ampere  turns  acting  were  the  5430  of  the  shunt  ampere  turns,  + 
the  720  of  the  9  series  turns  +  the  armature  ampere  turns,  6750 — 
twice  the  ampere  turns  between  the  double  angle  of  lead,  2. 
[.3x5750],   or  3450  =  8550    which   will    produce  a  magnetic 
density  through  an  air  gap  of  2.64  cms.  depth  of 
8550X1. 26_^^^Q 
2  64 
while  the  actual  magnetic  density  measured  at  this  point  was  3950, 
an  agreement  within  the  possible  limit  of  error. 
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In  Fig.  10  are  given  curves  showing  the  magnetic  performance 
of  an  armature,  with  its  conductors  laid  in  deep  narrow  grooves, 
as  shown  in  Fig.  12.  The  clearance  on  each  side  was  one-six- 
teenth of  an  inch,  making  the  double  air  gap  one-eighth  of  an 
inch.     Additional  dimensions  are  as  follows : 

Diameter  of  the  armature  core 6.     in. 

Length  of  armature  core 6.     in, 

Resifitance  of  armature 84 

Number  of  sections 64. 

Turns  per  section 8. 

Output,  amperes 20. 

volts  100. 

Speed 1800. 

Curve  1,  in  Fig.  10,  shows  the  distribution  of  magnetization  at 
112  volts,  no  current,  a  speed  of  1800,  and  a  field  excitation  of 
2600  ampere  turns.  Curve  ii  shows  the  magnetic  distribution 
for  an  output  of  97  volts  and  24  amperes,  at  a  speed  of  1800,  and  a 
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field  excitation  of  2600  ampere  turns.  Curve  iii  showB  the  mag- 
netic  distribution  at  an  output  of  40  volts  and  20  amperes,  at  a 
speed  of  1800,  with  a  field  excitation  of  750  ampere  turns.  This 
same  excitation  when  the  armature  furnished  no  current,  produced 
an  E.  M.  p.  of  48  volts,  at  a  speed  of  1800  revolutions.  The  poles 
were  shaped  as  in  Figs.  1 1  and  12,  but  modified  as  explained 
below.  In  making  these  experiments  carbon  brushes  were  used, 
and  their  position  maintained  at  the  normal  diameter  of  commu- 
tation. An  average  magnetic  density  in  tiie  air  gap  of  3400  lines 
per  sq.  cm.  was  required  to  produce  an  e.m.  f.  of  II '2  volts.  The 
grooves  on  the  armature  in  which  the  conductors  were  placed, 
occupied  one-half  of  the  armature  surface,  so  that  the  actual  mag- 
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netic  density  in  the  air  gap  was  1.8  times  this  average  magnetic 
density.  The  ampere  turns  required  to  set  up  this  magnetic 
density  in  the  air  gap  were 

.1-25  X  2.54  X  [3400  x  l^^l-isop 
1.26  '^  ' 

which  is  the  number  of  field  ampere  turns  whose  magnetizing 
force  is  impressed  between  the  pole  surfaces  through  the  armature, 
when  it  furnishes  112  volts  and  no  current.     The  ampere  turns 
on  the  armature  at  a  current  of  24  amperes  are 
2  X  64  X  3  X  12. 


2. 


=  2300. 


as  against  1520  impressed   i)y  the  field. 


Under  these  circum- 
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stances  the  magnetism  under  the  weakened  pole  comers  is  reversed 
as  is  also  clearly  indicated  by  curve  ii,  in  Fig.  10,  or  the  curve 
o,  B,  D,  F,  c,  in  Fig.  11.  This  curve  also  shows  that  the  magnetic 
density  under  the  strong  pole  corners  was  5,100  lines  per  sq.  cm. 
Now  in  building  this  machine,  six  longitudinal  slots,  1^  inch, 
deep,  were  cut  in  each  pole  immediately  back  of  the  surface,  which 
enables  us  to  be  sure  of  the  exact  densities  in  the  pole  corners  for 
a  given  distance.  For  a  depth  of  IJ  inches  immediately  back  of 
the  pole  faces,  these  slots  took  up  one  half  of  the  cross-sectioTi  of 
the  poles.  Then  a  density,  therefore,  of  5100,  really  means  a 
density  of  10,200  or  a  strong  saturation  for  a  distance  of  2^  inches 
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in  the  cast-iron  of  the  poles.     The  magnetizing  force  required  to 
produce    10,200  lines  per  sq.  cm.  through  cast-iron  is  200  per 
centimetre  length.      Therefore   the   ampere   turns  required   to 
establish  this  density  through  2^  inches  are 
2.5  X  2.54  X  200 


1.26 


=  1,000. 


The  total  number  of  ampere  turns  acting  to  produce  magnetizar 
tion  through  these  strong  pole  corners  was  the  sum  of  the  field 
ampere  turns  that  impressed  magnetizing  force  from  pole  face  to 
pole  face  through  the  armature,  and  the  ampere  turns  on  the  arma- 
ture covered  by  the  poles.     The  poles  covered  approximately  8Sf 
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per  cent,  of  the  armature  surface,  making  this  value:  1500  X  [2300 
X  .85]  =:  8400.  Of  this  number,  as  was  just  shown,  1000  were 
utilized  in  producing  the  magnetic  density  of  5100,  through  the 
saturated  portion  of  the  poles.  The  remaining  2400  ampere  turns 
exerted  their  magnetizing  force  in  producing  the  average  magnetic 
density  of  5100  through  the  air  gap,  and  aflEords  another  opportunity 
of  checking  these  ideas  of  the  action  of  the  armature  on  the  field. 
For  the  ampere  turns  required  to  set  up  an  average  magnetic 
density  of  5100,  through  the  air  gap  under  consideration  were : 


[1.8  X  5100]  X  .125  X  2.54 
1.26 


2300. 


which  checks  with  the  above  value  as  well  as  could  be  expected. 
When  the  armature  furnished  24  amperes,  the  e.  m.  f.  at  the 
brushes  was  97  volts,  while  with  no  current  it  was  112  volts.  Of 
this  drop  of  15  volts,  8  are  accounted  for  by  the  resistance  of  the 
armature,  and  the  extra  seven  were  caused  by  the  saturated  pole 
corners.  By  operating  this  same  machine  at  an  e.  m.  f.  at  which 
the  pole  corners  could  not  saturate  with  normal  output  of  current, 
we  have  demonstrated  for  us  in  a  very  striking  manner  that  the 
armature  ampere  turns  can  not  change  the  total  magnetization 
established  through  the  armature  by  the  field  when  the  pole  cor- 
ners do  not  saturate.  The  e.  m.  f.  with  the  armature  current  at 
zero,  was  brought  to  48  volts  with  a  separate  field  excitation  of 
750  ampere  turns.  Then  when  the  armature  was  allowed  to 
fumisli  20  amperes  the  e.  m.  f.  at  the  brushes  dropped  to  40  volts. 
Of  this  drop  of  8  volts,  7  were  produced  by  the  resistance  of  the 
armature.  Yet  the  field  is  powerfully  distorted  by  the  armature 
current,  as  may  be  seen  by  reference  to  curve  iii.  Fig.  10,  or  the 
curve  A,  D,  c,  b  in  Fig  12.  Even  with  this  very  great  rearrange- 
ment of  the  magnetization  produced  by  the  armature  .current,  the 
total  magnetization  set  up  by  the  field  is  practically  unchanged. 
The  difference  of  potential  on  the  commutator  between  the  points 
A.  «.,  Fig.  12,  was  observed  to  be  72  volts.  This  excess  of  e.  m.  f. 
over  that  which  was  produced  at  the  brushes,  the  figure  shows 
clearly  to  be  due  to  the  magnetization  produced  by  the  armature 
through  itself  and  the  strengthened  pole  corners.  The  points 
where  the  field  is  zero  are  at  a,  b.  They  mark  the  diameter 
through  which  the  ampere  turns  encountered  on  the  armature  are 
just  equal  and  opposite  in  action  to  the  ampere  turns  of  the  field 
that  impress  a  magnetizing  force  between  the  pole  faces  through 
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the  armature.  A  simple  computation  will  show  that  this  is  true. 
The  field  ampere  turns  that  impress  magnetizing  force  between 
the  poles  when  the  armature  produced  an  external  e.  m.  f.  of  48 
volts  are 

1520x_i8  ^  ggo. 

The  ampere  turns  on  the  armature  opposed  to  the  magnetization 

12 
set  up  by  the  route  a,  b.  are  —  of  the  total  number  of  ampere 

turns  on  the  armature,  [see  Fig.  12,]  or 

12  X  64  X  3  X  20  ^^^^^ 
40  X  2 

This  is  a  fair  agreement  when  we  consider  the  accuracy  with 
which  the  original  data  may  be  determined. 

Mr.  Esson  in  his  valuable  paper,  above  referred  to,  discussed 
the  requisite  features  for  a  generator  for  constant  current,  with 
closed  coil  armatures,  in  which  regulation  is  effected  by  shifting 
the  brushes.  He  stated  that  the  tield  should  be  uniform  at  all 
points,  under  the  poles,  and  that  the  armature  core  should  be 
saturated.  These  statements  are  a  little  mispleading.  The  mag- 
netizing force  impressed  by  the  field  ampere  turns  must  be 
uniform  at  all  points  between  the  pole  faces.  This  is  accomplished 
by  proportioning  the  poles  so  that  the  strongly  magnetized  pole 
corners  will  not  become  saturated  when  the  brushes  have  their 
extreme  position  for  the  development  of  the  highest  e.  m.  f.  that 
the  machine  is  to  produce.  The  air  gap  is  made  of  such  a  depth 
that  the  ampere  turns  required  to  set  up  the  magnetization 
through  the  armature,  without  current,  and  for  the  production  of 
the  highest  e.  m.  f.  that  the  machine  will  be  called  on  to  give, 
shall  be  a  little  more  than  the  armature  ampere  turns  when  it 
furnishes  its  normal  current.  Then  as  long  as  the  brushes  are 
kept  under  the  pole  faces,  the  non-sparking  point  will  be  where- 
ever  the  brushes  are  placed.  This  will  be  the  case  whether  the 
armature  is  or  is  not  saturated.  A  practical  demonstration  is 
found  in  the  following  experiment:  A  Siemens  and  Halske 
dynamo  with  magnet  and  armature  cores,  whose  shape  and 
dimensions  are  shown  in  Fig.  5,  was  used. 

Length  of  armature  core 7.25  in. 

Number  of  armature  sections 66. 

Turns  per  section 6. 

Revolutions 1000.  . 

Output  in  volts SitjTti^ee!  by^iOOQle 

*•       •'  amperes 80.         o 
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The  field  was  separately  excited  with  4000  ampere  turns  on  each 
of  the  sets  of  consequent  poles.  Regulation  could  then  be  effected 
for  a  constant  current  in  the  armature,  of  22  amperes,  by  shifting 
the  brushes  from  no  e.  m.  f.  to  35  volts  without  the  slightest 
sparking  even  when  metallic  brushes  were  used.  Within  this 
limit  the  pole  corners  did  not  saturate. .  The  field  cores  were 
wrought  and  the  yokes  cast-iron.  When  the  armature  circuit  wa6 
broken,  it  was  found  that  the  field  excitation  of  4000  ampere 
turns  produced  an  b.  m.  f.  of  50  volts.  The  magnetic  density  in 
the  field  cores,  including  leaknge,  was  only  11,000  lines  per  sq. 
cm.  Therefore,  of  the  4000  ampere  turns  on  the  field,  not  more 
than  200  were  applied  in  setting  up  the  magnetization  from  pole 
face  to  pole  face  through  the  field  cores.  It  is  safe  to  assume, 
then,  that  of  these  4000  ampere  turns,  3800  were  active  in  pro- 
ducing a  magnetizing  force  impressed  uniformly  over  the  pole 
faces  through  the  armature.  This  same  value  is  obtained  by  the 
method  adopted  in  the  previous  cases.  That  is  by  calculating  the 
magnetic  density  in  the  air  gap  when  50  volts  were  developed, 
and  then  deducing  the  number  of  ampere  turns  required  to 
establish  such  a  magnetic  density  through  a  1^  inch  air  gap;  As 
to  the  armature,  when  it  produced  22  amperes  its  ampere  turns 
numbered 

or  an  excess  of  100  ampere  turns  impressed  by  the  field  over  and 
above  those  on  the  armature.  As  long  as  this  same  number  of 
ampere  turns  was  maintained  on  the  field  it  was  not  possible  to 
regulate  for  a  constant  current  of  a  lower  or  a  higher  strength 
without  sparking.  The  impressed  field  ampere  turns  are  in 
excess  of  the  armature  ampere  turns  by  that  amount  which  is 
just  suflicient  to  produce  a  weak  positive  field  that  will  reverse 
the  current  in  the  coil  when  its  terminal  bars  at  the  commutator 
pass  under  the  brush.  When  regulation  is  eflEected  by  this  means 
it  is  seen  that  all  pole  corners  are  alike  magnetized  and  at  the 
centre  of  the  pole  faces  the  magnetization  is  zero  when  the 
machine  is  short-circuited.  At  full  output,  at  the  highest  e.  m.  f., 
the  magnetization  under  the  one  set  of  pole  comers  is  almost  zero, 
and  under  the  other  set  it  is  at  the  maxinmm  value  that  is  ever  ob- 
tained. In  a  generator  of  this  type  when  the  poles  are  made 
stout  enough  at  all  points,  the  total  amount  of  magnetization 
through  the  armature,  at  all  loads,  will  remain  at  a  constant  value. 
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When  used  for  operating  long  arc  lamps,  a  '*  drooping  character- 
istic" can  better  be  obtained  by  saturated  field  cores  than  by 
saturated  pole  corners  and  armature  core. 

What  has  been  said  of  dynamos  applies  equally  well  to  motors. 
The  only  difference  being  that  the  non-sparking  points  are  on 
opposite  sides  of  the  dianieter  at  which  magnetization  is  zero  in 
the  air  gap.  This  is  due  to  a  well  known  cause.  In  a  motor,  the 
armature  rotates  in  an  opposite  direction  when  field  and  armature 
currents  remain  the  same  as  in  a  dynamo.  The  e.  m.  f.  of  self- 
induction  caused  by  the  reversal  of  the  current  in  a  circuit  has 
not  changed,  while  the  e.  m.  f.  developed  in  the  coil  by  the  field 
has  changed  sign  with  the  change  of  the  direction  of  rotation. 
The  result  is  that  the  reversal  of  the  current  in  an  armature  sec- 
tion must  take  place  in  a  weak  field  of  an  opposite  sign  in  a 
motor  from  what  it  does  in  a  dynamo,  when  sparking  is  to  be 
avoided  entirely. 

The  action  of  the  current  in  the  armatures  of  multipolar 
dynamos  and  motors  will  be  the  same  as  that  found  for  two  pole 
machines. 


Discussion.^ 

The  Chairman  .[Vice-President  T.  D.  Lockwood]  : — Gentle- 
men, you  have  heard  Professor  Rvan's  paper  read,  and  I  am 
sure  you  have  found  it  replete  with  interest  and  very  instruc- 
tive. Some  parts  at  least,  I  doubt  not,  will  form  a  substantial 
basis  for  discussion,  and  the  paper  is  not  so  long  but  that  we  can 
discuss  it  fully  and  freely  in  the  time  at  our  disposal.  I  see  that 
our  worthy  Past  President,  Professor  Anthony,  is  here  this  even- 
ing, and  1  am  sure  we  should  be  very  glad  to  hear  from  him. 

Professor  Anthony  : — Mr.  President,  as  this  is  the  first  I  have 
seen  of  the  paper,  I  hardly  feel  prepared  to  enter  upon  a  discus- 
sion of  it,  without  having  a  little  more  time  to  think  it  over.  I 
should  like  to  have  had  this  paper  a  few  davo  beforehand,  in  or- 
der to  feel  prepared  to  enter  into  a  discussion  of  it.  There  are  a 
great  many  new  things  brought  out  here — at  least  they  seem  new 
to  me.  The  matter  is  brought  out  in  a  somewhat  ditterent  light 
from  what  I  have  thought  of  it  before.  I  should  therefore  beg 
to  decline  to  enter  into  any  discussion  of  it  at  present. 

The  Chairman  : —  As  a  basis  for  remarks  from  some  member, 
I  would  like  to  call  attention  to  a  point  where  Professor  Ryan 
seems  to  differ  somewhat  from  the  opinion  of  Mr.  Esson.  The 
author  says  that "  Mr.  Esson,  in  his  valuable  paper  above  referred 
to,  discussed  the  requisite  features  for  a  generator  for  constai  t 
current, with  closed  coil  armatures,  in  which  regulation  is  effected 

1.  By  Messrs.  W.  A.  ADthony,  Wolcott,  MaiUoux,  Locb^iii^ if^nd^Tsule^ IC 
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by  shifting  the  brushes.  He  stated  that  the  field  should  be  uni- 
form at  all  points,  under  the  poles,  and  that  the  armature  core 
should  be  saturated.  These  statements  are  a  little  misleading. 
The  magnetizing  force  impressed  by  the  field  ampere  turns  must 
be  uniform  at  all  point  between  the  poles'  faces." 

It  seems  to  me  that  there  is  some  foundation  for  remarks 
there,  from  any  member  who  has  made  that  point  a  study. 

Mr.  Towns  end  Wolcott  : — It  seems  to  me  that  Prof.  Ryan 
simply  explains  what  Mr.  Esson  means  there.  Mr.  Esson  says 
that  the  field  should  be  uniform  at  all  points,  and  Prof.  Ryan 
states  that  that  part  of  the  field  which  is  due  to  the  field  winding 
should  be  constant.  That  is,  it  might  indicate  total  resultant 
field  in  the  air  gap  as  due  to  the  field,  and  armature  windings — 
that  should  not  be  constant,  but  the  component  due  to  the  field 
windings  should  be  constant.  That  is  wnat  Prof.  Ryan  mean>, 
and  I  tnink  that  is  what  Mr.  Esson  meant. 

Prof.  Anthony  : — The  difference  in  that  case  between  Prof 
Ryan  and  Mr.  Esson  seems  to  be  that  while  Mr.  Esson  says  the 
armature  core  should  be  saturated.  Prof.  Ryan  says  this  would 
be  true  whether  the  core  is  saturated  or  not. 

The  Chairma.n  : — Mr.  Mailloux,  will  you  favor  us  i 

Mr.  C.  O.  MAiLrx)cx  :— Mr.  <  'hairman,  I  am  somewhat  in  the 
same  position  that  Professor  Anthony  is  in,  respecting  this  paper.  I 
do  not  feel  that  I  understand  the  paper  sufficiently  to  be  aole  to 
discuss  it  intelligently.  It  contains  much  matter  which  requires 
very  careful  analysis  and  digestion  to  enable  it  to  be  discussed 
pro|)3rly  and  intelligently.  There  are  probably  some  statements 
to  which  we  might  take  exception.  I  think  it  would  be  a  very  much 
better  and  more  profitable  discussion  if  we  had  a  chance  to  study 
the  paper,  and  if  Prof.  Ryan  himself  were  here  to  answer  ques- 
tions when  the  paper  is  discussed.  The  whole  subject  of  arma- 
ture reactions  is  among  the  most  difficult  and  puzzling  in  electri- 
cal engineering.  There  can  scarcely  be  a  more  perplexing 
problem,  because  we  have  to  deal  here  with  the  phenomenon  of 
"  action  at  a  distance,"  which  has  engaged  and  baffled  the  efforts 
of  all  the  great  scientific  thinkers  of  the  world  since  the  days 
when  Newton  pondered  over  it  and  made  some  steps  toward  a 
theory  which  he  applied  to  actions  at  a  distance  among  the 
heavenly  bodies.  During  the  last  few  years  there  has  been  a 
great  deal  written  on  what  might  be  called  the  "  physics  of  the 
air  gap"  though  I  believe  that  the  true  physical  theory  of  the  air 
gap  has  yet  to  be  written.  Even  with  all  the  theory  which  we 
have,  and  while  paying  proper  deference  and  respect  to  the  very 
able  work  of  such  men  as  Ilopkinson,  Swinburne,  Esson  and 
others — I  can  but  believe  that  we  have  not,  after  all,  much  more 
than  working  hypotheses ;  that  we  have,  so  to  speak,  only  pro- 
visional theories,  which  are  good  so  far  only  as  they  cover  the 
facts  now  known  to  us.  The  truth  is,  we  do  not  yet  know  all 
the  facts  pertaining  to  the   physics  of  the   air  L^SPidl^^l^^^^lc 
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probably  be  some  time  before  we  understand  them  all.  Though 
I  will  not  undertake  the  discussion  of  this  paper,  I  would  refer 
to  one  point  in  connection  with  what  is  said  near  the  top  of  page 
45 1: :  "  When  the  armature  ampere  turns  are  e<iual  to  the  ampere 
turns  on  the  Held,  whose  magnetizing  force  is  impressed  between 
its  pole  faces  through  the  armature."  It  is  quite  evident  from 
the  sentence  which  immediately  follows  that  tne  author  wislies  to 
imply  what  is  sometimes  spoken  of  and  what  is  generally  under- 
stood!, as  difference  of  magnetic  potential.  Mr.  Swinburne,  I 
believe,  has  given  it  that  name,  and  as  we  have  the  exact  ana 
logue  of  it  in  relation  to  the  electric  circuit,  I  see  no  reason  why 
we  could  not  use  the  term  in  relation  to  magnetic  circuit,  and 
thus  express  the  author's  meaning  at  least  as  clearly  and 
more  succinctly.  It  is  mathematically  the  line  integral  of 
magneto-motive  force  for  that  part  of  the  circuit.  It  means,  so 
to  speak,  the  magneto  motive  force  lost  in  the  air  gap;  or  the 
whole  magneto-motive  force  minus  the  portion  that  is  lost  in  the 
field  reluctance  itself. 

Tlie  much- mooted  question  as  to  the  length  of  the  air  gap  and 
its  relation  to  the  phenomenon  of  sparking,  of  course,  forms  one 
of  the  principal  subjects  that  the  author  has  discussed. ,  1  have 
given  tnat  subject  a  great  deal  of  attention  in  my  professional 
work,  and  T  have  taken  great  care  to  scan  and  to  canvass  the  lit- 
erature on  the  subject.  1  find  that  there  is  considerable  diverg- 
ence of  opinion,  and  that  while  theorists  are  telling  us  that  we 
should  not  make  the  air  ^ap  too  small,  and  that  we  must  have  a 
certain  minimum  of  resistance  there,  yet  machines  are  being  made 
which  are  very  successful,  not  to  say  most  successful,  in  which 
the  :iir  gap  is  exceedingly  small  The  Oerlikon  Dynamo  Works, 
in  Switzerland,  is  perhaps  one  of  the  most  successful  firms  build- 
ing dynamos  in  the  world  to-day,  and  they  are  noted  for  the  ex- 
tremely small  air  gap  used  in  their  dynamos,  the  armature  iron 
being  perforated  near  the  edge  and  the  wires  passed  throuffh  the 
perforations  near  the  periphery  of  the  annature,  so  that  the  air 

rip  may  be,  and  is,  very  small.  Mr.  Kavenshaw  in  England  has, 
believe,  cited  some  experiment  with  a  given  machine  which  he 
first  tried  with  a  very  small  air  gap.  He  then  bored  out  the  field 
and  tried  the  experiment  over  again,  maintaining  the  same  mag- 
netic density  through  the  entrefer.  He  founa,  if  1  quote  him 
correctly,  that  it  did  not  make  any  practical  difference  so  far  as 
the  limiting  output  of  the  machine  within  which  sparkless  run- 
ning occurs,  was  concenied.  One  would  conclude  from  this  that 
it  does  not  make  very  much  difference  what  is  the  length  of  the 
air  gap  if  certain  other  apparently  equally  important  &ctors  re- 
ceive due  consideration  in  the  design.  Among  the  factors  which 
a  comprehensive  theory  of  armature  reactions  should  include,  in 
my  opinion,  and  which  are  somewhat  neglected  by  the  author, 
are  the  number  and  length  of  armature  reactions,  the  width  of 
pole  pieces,  the  mode  of  winding,  etc.     I  regre)(^iti©deed,  that  I 
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have  not  had  a  chance  to  thoroughly  analyze  the  paper.  It 
certainly  discusses  one  of  the  most  important  subject*  which 
could  be  brought  before  this  Institute,  because  it  relates  to  a 
problem  of  the  greatest  importance,  and  regarding  which  any  new 
knowledge  must  be  of  great  value  to  the  designer  of  electrical 
machinery.  It  is  certainly  to  be  hoped  that  a  good  discussion 
will  be  had  upon  it  at  some  future  date.  I  think  the  paper  is 
well  worthy  of  the  attention  of  the  ablest  and  most  competent 
members  in  our  midst. 

Prof.  Anthony  : — Mr.  President,  I  would  say  one  or  two 
words  further  in  regard  to  this.  I  feel  exactly  as  Mr.  Maill(;nx 
does — that  we  ought  to  have  some  opportunity  for  a  discustriou 
of  this  paper  after  we  have  had  some  time  for  the  study  of  the 
paper  itself.  There  are  such  a  multitude  of  details  connected 
with  the  action  of  the  armature  in  a  dynamo  tliat  it  will  take  very 
considerable  study  before  we  can  discuss  the  paper  very  intelli- 
gently. The  length  of  the  air  gap,  the  form  of  the  pole  pieces, 
the  form  of  the  pole  comers,  the  relation  of  the  pole  cores,  of  the 
field  cores,  the  number  of  ampere  turns  on  the  field  cores,  the 
winding,  and  I  don't  know  how  many  dozen  of  other  things  will 
affect  the  action  of  the  armature,  affect  the  sparking  and  the  rela- 
tion of  electromotive  force,  whether  constant  or  not,  and  all 
these  different  things  must  be  considered  and  their  effect  taken 
into  account.  It  seems  to  nie  a  pretty  difficult  thing  for  any  one 
to  consider  off-hand.  I  should  like  to  say  one  word  in  reference 
to  the  width  of  tlie  air  gap  here,  it  was  something  of  a  surprise 
to  me  to  have  it  implied,  as  it  seems  to  be  in  this  paper,  that  the 
air  gap  must  have  somewhat  of  a  magnitude  in  order  to  make 
the  dynamo  work  well.  My  idea  has  always  been  that  we  must 
make  the  air  gap  as  small  as  possible,  and  the  smaller  we  could 
make  it  the  better  the  dynamo  would  work.  I  do  not  know  that 
1  have  ever  seen  anything  in  mv  experience  that  would  indicate 
the  necessity  of  making  the  air  gap  any  larger  than  was  neces- 
sary for  getting  in  the  wires  and  in  fact,  in  a  machine  that  I  have 
recently  constructed,  we  made  an  armature  two  feet  in  diameter 
for  the  very  purpose  of  getting  the  wire  in  one  layer  and  getting 
the  air  gap  only  one  quarter  of  an  inch,  with  about  10(J  amperes 
normal  output.  When  the  generator  was  running  street  cars,  and 
the  current  was  jumping  from  0  to  200  amperes  and  back 
continually,  it  was  almost  impossible  to  tell  by  watching  under 
the  brushes  when  the  generator  was  doing  work.  The  creak- 
ing of  the  engine,  etc.,  indicated  it  and  a  man  could  imagine  that 
he  saw  a  little  sparking  when  he  heard  the  engine  working.  They 
were  carbon  brushes. 

Mr.  Mailix>ux  : — I  am  in  accord  with  Prof.  Anthony  on  the 
point  of  the  air  gap,  because  I  have  not  only  advocated,  but  I 
have  practised  short  air  gaps  for  several  years. 

The  Chairman  : — One  moment.  By  air  gap  here  we  under- 
stand of  course  the  place  between  the  iron  of  the  armature  and 
the  iron  of  the  pole  pieces  ^'^.^i^^^  ^'  k^^vj^i^ 
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Mr   Mailloux  : — Yes,  sir,  which  the  French  call  entrefer. 

The  Chairman  : — It  is  not  possible  that  Professor  Kyan  is 
speaking  of  the  nearest  approach  of  the  two  poles. 

Mr.  Mailloux  : — No,  sir,  that  is  called  the  space  between  the 
poles. 

The  Chairman  :  —I  ask  because  I  do  not  think  air  gap  is  the 
very  best  term. 

Mr.  Mailloux  : — I  have  found  practically  the  same  result  as 
found  by  Prof.  Anthony.  I  have  never  thought  that  a  short  gap 
necessarily  made  a  sparking  machine,  if  rightly  designed.  1 
have  in  mind  now  some  railway  motors  which  were  run  with  an 
air  gap  of  scarcely  a  sixteenth  of  an  inch,  and  having  armature 
teeth  at  that ;  ana  the  machine  was  quite  sparkless  at  any  load 
for  which  it  was  designed.  According  to  theory  one  would  ex- 
pect such  a  machine  as  that  to  spark  very  badly.  My  own  ex- 
perience and  the  results  reported  from  Europe,  particularly  from 
the  house  that  makes  the  Oerlikon  machine  in  Switzerland  have 
made  me  less  afraid  of  a  small  air  gap  than  I  used  to  be. 

Mr.  Wolcott  : — I  would  like  to  asK  Mr.  Mailloux  in  regard  to 
that  machine,  if  the  teeth  were  saturated. 

Mr.  Mailloux  : — No,  sir.  I  examined  that  point  to-day  for 
another  purpose.  The  teeth  were  not  any  more  saturated  than 
the  armature  core.  The  armature  core  itself  had  a  very  low 
magnetic  density.  I  think  that  the  highest  density  ever  reached 
through  the  armature  core  did  not  exceed  ten  thousand  lines  per 
square  centimetre  and  that  at  the  normal  run  it  was  scarcely  six 
thousand. 

Mr.  Wolcott  : — It  makes  it  all  the  worse  for  the  small  air  gap 
theory.  If  the  density  were  very  high  in  the  teeth,  it  might 
serve  the  same  purpose  as  the  resistance  in  the  air  gap,  but  if  the 
density  were  low  in  the  teeth  it  seems  to  knock  the  theory  all 
to  pieces. 

Mr.  Mailloux  : — There  have  been  cases  where  I  have  been 
compelled  to  use  high  magnetic  density  in  the  Pacinotti  teeth,  so 
high  a  density  that  the  permeability  fell  down  to  about  live ;  yet 
1  have  not  noticed  that  it  had  any  material  influence  on  the 
sparking. 

Mr.  J.  Stanford  Brown  : — The  value  of  the  paper  has  been 
properly  emphasized,  likewise  the  originality  of  treatment  ot 
the  subject.  As  none  of  us  seem  particularly  prepared  to-night 
to  discuss  the  subject,  would  it  not  be  well  to  have  it  announced 
that  this  paper  will  be  more  thoroughly  discussed  at  the  next,  or 
the  f  ollowinsf  meeting,  and  would  it  not  be  a  wise  plan,  in  the  ease 
of  many  of  tliose  engaged  in  designing  machinery,  and  who  know 
more  about  it  than  any  others,  to  send  this  paper  to  them  with 
the  request  that,  if  they  can  not  be  present  to  aid  in  the  discus- 
sion, they  would  be  good  enough  to  send  in  writing  so  much  as 
they  might  l)e  willing  to  add  to  the  subjects  This  might  result 
in  bringing  out  a  great  deal  of  information  v/e  can  not  otherwise 
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The  Chairman  : — It  may  not  be  out  of  order  to  state  that  in 
the  card  which  1  received  notifyinff  me  of  this  evening's  meet- 
ing, the  subject  was  mentioned  witn  the  intimation  if  1  was  par- 
ticularly interested  therein,  I  could  receive  a  copy  by  sending 
for  one,  but  as  I  supposed  there  would  be  a  great  many  here 
more  interested  in  air  gaps  than  I  was,  (since  my  business  relates 
to  the  very  smallest  dynamo  in  the  world  in  which  1  have  always 
found  that  the  smallest  air  gap  possible  was  the  best  for  the  ma- 
chine), I  did  not  take  the  trouble  to  send  for  the  paper.  Perhaps, 
like  other  gentlemen,  I  should  therefore  plead  my  inability  to 
discuss  the  subject  on  that  score.  1  think  we  may  reasonably 
regret  that  Professor  Kyan  is  not  here  with  us  this  evening  to 
answer  Questions.  I  should  have  wished  for  myself  that  the  au- 
thor of  tne  paper  had  been  a  little  more  particular  to  classify  the 
different  machines  in  question,  for  while  he  speaks  in  a  general 
way  at  first,  and  subsequently  speaks  of  a  constant  potential  ma- 
chine, it  is  rather  difficult  to  tell  what  machine  he  is  referring  to 
most  of  the  time,  until  on  the  last  page  but  one,  where  he  comt^s 
to  speak  of  ''  Mr.  Esson's  valuable  paper "  to  which  1  referred 
before.  He  speaks  there,  of  a  generator  for  constant  current,  by 
which  I  suppose  he  means  what  we  call  a  series  machine  with 
closed  coil  armatures,  by  which  regulation  is  achieved  by  adjust- 
ing the  brushes.  I  have  a  very  distinct  idea  that  sparking  in 
dynamos  is  largely  due  to  a  lack  of  harmony  between  the  short- 
circuited  current,  as  an  individual  coil  passes  under  a  brush,  and 
the  current  in  that  side  of  the  multiple  coil  armature  which  the 
short-circuited  coil  is  approaching.  And  it  has  further  appeared 
evident  to  me,  that  if  we  could  produce  at  the  moment  when  the 
front  segment  of  the  commutator  leaves  the  brush — if  at  that 
moment  we  could  produce  a  zero,  by  opposing  the  short-circuited 
current  against  the  current  to  which  the  short-circuited  coil  is  about 
to  be  introduced,  we  should  have  a  perfect  neutralization,  and  in 
consequence,  an  absence  of  sparking.  I  am  well  aware  that 
there  has  been  a  kind  of  hazy  doctrine  circulating,  or  at  all 
events  existing  among  electricians,  that  the  sparking  upon  a  change 
of  current,  and  when  brushes  were  used  to  compeuFate  for  that 
change  of  current,  is  largely  due  to  the  fact  that  the  neutral  line 
had  moved  forward,  and  that  therefore  the  brushes  would  have 
to  be  moved  forward  to  catch  up  to  the  neutral  line,  and  when 
the  brushes  did  catch  up  with  the  neutral  line,  the  sparking  would 
cease  to  exist.  But  when  you  pursue  that  theory  to  its  lair  you 
find  it  is  moving  in  a  circle.  It  may  not  be  out  of  order  to  re- 
count an  experiment  1  witnessed  showing  that  in  reality  as  the 
current  in  a  series  machine  changed  under  a  difiPerence  in  load, 
the  neutral  line  remained  stationary  as  long  as  the  brushes  were 
not  moved.  For  example,  suppose  a  machine  was  working  on  a 
load  of  forty  arc  lamps,  and  some  ten  of  those  should  be  cut  out 
— the  load  would  be  very  much  less,  the  current  would  be  mwh 
stronger — and  in  a  machine  furnished  with  an  automatic  regula- 
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tor,  the  regulator  would  move  forward  to  cut  down  the  electro- 
motive force  developed  of  course,  in  bringing  the  current  down 
to  its  constant  figure  once  more.  It  was  supposed  by  many  that 
the  neutral  line  of  the  machine  moved  forward  when  the  current 
changed.  That  is,  when  the  current  increased,  the  neutral  line 
moved  forward.  It  hardly  seemed  to  me  that  it  was  a  possible 
thing,  seeing  that  the  current  was  strengthened  not  only  in  the 
field  helices,  but  also  in  the  armature,  the  machine  being  a  series 
machine.  A  single  wire  was  rigged  around  the  armature.  One 
end  was  attacl;ed  to  a  fixed  ring,  while  the  other  end  was  at- 
tached to  a  movable  commutator,  and  the  circuit  of  this  wire  in- 
cluded a  telephone  receiver.  When  the  machine  was  working  on 
a  full  load  we  found  a  place  where  there  was  a  zero  of  current. 
It  was  absolutely  on  the  neutral  line  of  the  machine  as  it  was 
working  then.  By  the  neutral  line  I  mean  the  moment  when  a 
given  coil  passes  over  from  the  influence  of  the  pole  upon  one 
side,  to  the  pole  upon  the  other — when  it  is  at  the  exact  point  be- 
tween the  two — that  is,  when  it  ceases  to  cross  lines  of  force  in 
one  direction  and  begins  to  cross  them  in  the  other  direction.  We 
found  that  point,  and  found  that  the  telephone  gave  forth  no 
sound  at  all  upon  changes  of  resistance  and  consequent  changes 
of  current.  Just  as  long  as  the  bnishes  were  unmoved  the  tele- 
phone gave  no  sound,  no  matter  how  many  lamps  were  put  out 
or  how  much  the  current  was  changed,  showing  that  the  neutral 
line  did  not  move.  But  when  we  changed  the  position  of  the 
brushes  and  moved  them  forward  to  compensate  for  the  increased 
current,  we  found  that  there  was  a  change  and  that  the  neutral 
line  did  not  move  forward  as  it  was  supposed  to  do,  but  actually 
moved  backward.  Now,  that  was  the  result  of  absolute  experi- 
ment, and  I  think  when  we  reflect  upon  it  we  will  find  that  ex- 
periment is  in  accord  with  the  best  theory,  and  therefore  I  think 
the  gap  has  such  a  relation  to  sparking  in  the  constant  current 
machine  only  in  so  far  as  it  may  modify  the  form  of  the  pole  pieces 
and,  instead  of  using  the  phraseology  here,  I  should  rather  be  in- 
clined to  use  the  phraseology  that  "  the  requisite  feature  for  a 
generator  for  constant  current  on  closed  coil  armature  in  which 
regulation  is  effected  by  shifting  the  brushes,  is  that  the  field 
should  be  uniform  throughout  the  range  of  movement  of  the 
brushes." 

Mr.  Nikola  Tksla  : — I  have  had  excellent  opportunities  to 
study  the  importance  of  the  air  gap,  particularly  in  some  types 
of  my  motors  in  which  the  armature  coils  are  closed.  Such  a 
motor  is  of  course  a  transformer  and,  following  the  analogy,  the 
first  idea  was  to  secure  in  it  as  good  a  closure  of  the  magnetic 
circuit  as  practicable.  In  the  early  experiments  I  constructed 
motors  in  which  the  air  gap  was  often  as  low  as  a  sixty-fourth 
of  an  inch  at  the  start  and  was  gradually  increased.  This  was 
the  result  arrived  at :  Up  to  a  certain  point  the  diminution  of 
the  air  gap  would  act  very  favorably ;  then  the  further  approach 
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of  iron  or  the  reduction  of  the  air  gap  would  begin  to  be  a  great 
drawback,  and  it  has  always  been  my  idea  that  the  real  cause  of 
that  was  the  unsymmetrical  position  of  the  armature  to  the  field, 
and  the  impossibility  of  making  the  motor  so  mechanically  per- 
fect that  the  pull  on  both  sides  would  be  equal.  Some  time  ago 
I  did  some  work  on  unipolar  dynamos  with  iron  discs  and  I  found 
that  the  lateral  thrust  was  rery  difficult  to  overcome  and  it  was 
impracticable  to  work  with  very  small  air  gaps,  a  fact  which  of 
course  is  well  known.  In  the  results  presented  by  Professor 
Kyan  there  is  a  point  which  he  has  not  considered,  and  which,  if 
I  may  be  permitted  to  say  it,  I  think  ought  to  have  been  consid- 
ered, because  it  is  of  enormous  importance— so  important  that  it 
radically  changes  the  whole  result,  and  that  is  this:  In  a  motor 
or  generator  in  which  the  polar  faees  and  the  armature  core  both 
are  smooth,  we  can  reduce  the  air  gap  indefinitely,  and  the  smaller 
it  is  the  better,  and  in  many  experiments  I  have  found  tliat  we 
cannot  reduce  it  far  enough,  disregarding  mechanical  difficulties. 
But  directly  we  put  projections  on  the  field,  as,  for  instance,  Pro- 
fessor Kyan  has  done  (he  mentions  an  experiment  in  which  there 
were  six  slots  across  the  field),  we  cannot  work  any  more  with  a 
very  small  air  gap.  You  see  the  reason  plainly  enough.  The 
putting  on  of  these  air  gaps  brings  the  whole  investigation  into  a 
different  field.  If  the  polar  faces  be  smooth,  no  matter  how  close 
you  approach  the  iron  to  iron,  the  armature  undergoes  a  gradual 
change,  but  directly  you  have  the  grooves,  each  part  of  the  arma- 
ture surface  has  to  get  out  from  the  very  intense  field  into  a  weak 
field  and  then  from  the  weak  into  an  intense  field,  and  so  on  re- 
peatedly— six  times,  as  in  Professor  Ryan's  experiments.  I  have 
made  a  great  many  experiments  which  confirm  that.  You  can 
take  a  smooth  field,  put  a  laminated  armature  without  projec- 
tions in  it  and  work  with  a  certain  magnetization,  revolving  the 
armature  at  a  given  speed.  It  will  not  get  hot  to  a  high  degree. 
Now  put  in  grooves  through  the  field,  and  you  will  find  at  once 
that  with  far  le.ss  magnetization  than  before,  the  armature  will 
get  intensely  hot.  The  reascm  is,  that  you  put  each  part  of  the 
armature  through  a  much  more  sudden  and  greater  total  change, 
and  increase  the  frictional  and  current  losses.  That  is  the  reason 
also  that  in  the  case  of  the  grooves  there  is  a  certain  increased 
loss  in  the  voltage,  attributed  by  Professor  Ryan  wholly  to  a  dif- 
ferent cause. 

The  Chairman's  remarks  in  regard  to  Mr.  Esson's  valuable  pa- 
per, suggest  to  me  a  subject  in  another  line  of  work  which  I  have 
been  pursuing.  Mr.  Esson  pointed  out  certain  requisites  of  con- 
stant current  generators  witli  closed  coil  armatures  which  prac- 
tice would  not  seem  to  confirm.  On  this  subject  I  think  that  I 
will  not  risk  much  in  predicting  that  in  a  comparatively  short 
time  most  of  the  present  constant  current  machines  will  be  re- 
placed by  machines  of  a  more  modern  and  improved  construc- 
tion.    The  old  types  of  these  machines  have  been  built  by  ingeni- 
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OU8  men  who,  rather  instinctively,  hit  upon  the  right  thing — 
right  at  that  time,  but  not  right  now.  The  main  object  in  these 
machines  is  to  maintain  a  constant  current  in  the  most  eflScient  and 
simple  manner.  Some  time  ago  I  had  occasion  to  say  a  few  words 
— I  think  in  a  paper— in  regard  to  this  matter.  I  have  constructed 
such  machines  in  accordance  with  my  view,  which  is  to  produce 
a  great  rate  of  change  in  the  current  and  to  replace  the  ohmic  re- 
sistance required  for  steady  working,  by  impeaance.  In  this  man- 
ner you  can  construct  an  arc  light  machine  with  only  one  single 
layer,  no  matter  how  large  it  is,  and  you  can  make  it  maintain  a 
constant  current,  within  two  or  three  per  cent,  without  any  ex- 
ternal regulator.  One  of  the  ways  of  obtaining  this  result  is  the 
following  :  Take,  for  instance,  a  two  pole  machine,  selecting  a 
type  which  allows  you  to  use  an  armature  of  the  greatest  possible 
diameter.  By  all  means,  make  the  armature  as  large  as  possible. 
Then,  instead  of  making  the  pole  projections  of  the  field  smooth, 
make  tliem  with  grooves  parallel  to  the  armature  shaft.  The 
more  you  make,  in  fact,  the  better  it  is  up  to  a  certain  point. 
Then  wind  the  armature  symmetrically  with  reference  to  the  pole 
projections  or  grooves,  so  that  you  get  a  great  rate  of  change  in 
the  current.  Now  then,  you  have  a  direct  current  which  is  eom- 
mutated  just  the  same  as  in  the  Gramme  machine,  but  as  to  the 
rate  of  change  it  is  equivalent  to  a  rapidly  alternating  current, 
and  of  course  you  increase  the  impedance  through  the  whole  cir- 
cuit to  the  extent  that  you  can  do  away  with  the  great  ohmic  re- 
sistance in  the  circuit,  and  you  can  make  the  impedance  and  the 
armature  reaction  so  great  that  no  matter  what  the  load  is,  the 
current  is  the  Same.  Such  a  machine  has  numerous  advantages, 
not  the  least  of  which  is  that  it  is  more  efficient,  and  then  a^ain  it 
is  so  easily  repaired,  only  one  layer  being  required.  In  all  alter- 
nating generators,  almost  without  exception,  the  armatures  are 
built  with  one  single  layer  of  wire  The  arc  light  machine  must 
also  be  built  with  single  layers  and  the  right  way  to  do  this  is  to 
provide  the  pole  pieces  with  projections  and  wind  the  machine 
in  such  a  manner  that  a  current  of  the  requisite  character  is  ob- 
tained. In  regard  to  the  shape  of  the  pole  pieces,  I  had  opportu- 
nity during  the  year  1885  to  make  some  observations  I  then 
worked  at  what  is  called  the  third  bnish  regulation.  It  is  a  prin- 
ciple very  interesting,  but  not  very  reliable.  It  may  give  a  won- 
derful result  for  a  short  time,  but  when  you  want  to  show  it  to 
the  stockholders  it  cannot  do  very  much.  It  has  been  original 
with  me.  There  have  been  some  other  claimants — there  are  al- 
ways claimants.  But  to  return  to  the  subject :  One  of  the  diffi- 
culties encountered  in  the  third  brush  regulation  was  the  excess- 
ive sparking  of  the  third  brush.  To  overcome  this,  the  principal 
renuisite  was  that  the  auxiliary  brush  should  not  bear  on  active 
coils.  I  then  resorted  to  a  means  which  was  obvious.  I  put  un- 
der every  leading  pole  piece  a  good  sized  groove,  which  made 
the  coils  on  each  auxiliary  brush  comparatively  inactive,  so  that 
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the  aaxiliary  as  well  as  the  main  brushes  would  bear  upon  inact- 
ive coils,  tn  this  manner  I  obviated  the  sparkin^^,  but  the  ma- 
chine did  not  look  particularly  pleasing.  Mr.  Westinghouse, 
when  he  first  saw  an  experimental  machine,  which  later  was  built 
at  his  works,  said,  looking  through  the  holes,  "Mr.  Tesla,  I  like 
this  machine  very  iimch.  What  I  like  about  it  best  is  that  one 
can  see  through  it."     Although  these  machines  have  not  proved  a 

|>ractical  success,  yet  experience  with  them  led  to  useful  results, 
[n  the  preceding  remarks  I  have  not  desired  to  detract  in  the  least 
from  the  merit  of  the  opinions  expressed  by  Mr.  Esson,  nor  from 
those  of  Professor  Ryan,  whose  investigations  are  always  system- 
atic. 

The  Chairman  :  —Do  you  make  your  suggestion  as  a  motion 
now,  Mr.  Brown  if 

Mr.  Brown  : — Yes,  sir ;  I  make  the  motion  that  it  be  definitely 
announced  that  there  will  be  further  discussion  of  this  paper  at 
the  next  meeting  or  the  next  following,  as  may  seem  best  to  the 
Chairman  to-night,  and  that  the  Secretary  be  asked  to  forward 
copies  to  such  members  as  he  judges  are  more  particularly  con- 
versant with  the  subject,  with  the  request  that  they  send  us  let 
ters. 

The  Secretary: — I  cannot  alway«  tell  who  are  interested.  I 
do  my  best.  But  this  paper  will  be  published  in  all  the  electrical 
journals  at  once. 

Mr.  Brown  : — It  mav  not  be  necessary  to  send  copies.  It  might 
be  wise  to  ask  for  some  letters. 

Mr    Mailix)ux  :  —1  second  the  motion. 
*  The  C^hairman  : — It  is  moved  and  seconded  that  there  be  fur- 
ther discussion  announced  upon  this  paper  upon  some  subsequent 
meeting. 

Mr.  Birdsall  : — I  think  it  would  be  well  to  endeavor  to  have 
Professor  Ryan  here  at  the  meeting  when  the  paper  is  dis- 
cussed. 

The  Chairman  : — I  do  not  know  how  we  can  get  him  here. 

Mr.  Birdsall  : — The  Secretary  might  open  correspondence 
with  him.  We  might  have  a  collation ;  that  generally  brings  the 
members. 

The  Secretary: — I  think  it  is  proper  to  say  that  Professor 
Ryan  was  given  charge  of  installing  an  underground  plant  at 
Cornell,  and  he  said  that  he  could  not  leave  a  single  dav.  He  was 
very  much  disappointed  in  not  being  able  to  attend  in  person. 

I'he  Chairman  : — Then  I  will  put  the  motion  in  this  way :  It 
is  moved  and  seconded  that  further  discussion  of  this  paper  be 
postponed  until  some  subsequent  meeting  to  be  announced  here- 
after, when  we  shall  hope  to  have  Professor  Ryan  with  us. 

[The  motion  was  carried.] 

Mr.  Wetzler  read  some  correspondence  with  respect  to  pro- 
c3edingsof  the  Frankfort  International  Electrical  Congress. 
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The  Secretary  :— The  following  is  a  list  of  associate  inembers 
electxjd  by  Council  since  the  May  meeting. 


June  26th,  1 89 1. 


Name. 

Barnard,  John  H. 
Cram,  Henry  B. 
Damb,  Frank  L. 


Address.  Endorsed  by 

General  Manager,  Asheville  Street  M.  J.  Wightmun. 

Railway  Co  .  and  Asheville  Light  H.  F.  Parshall. 

and  Power  Co.,  Asheville,  N.  C.  J.  G.  White. 

Treasurer,   Bernstein  Electric  Co  ,  Theo.  Stebbins. 

185  Prospect  St  ,  Geo.  W.  Davenport, 

Cambridgeport.  Mass  S.  C.  Peck. 

Superintendent,   Vancouver   Elec-  J.  P.  B.  Fiske. 

trie    Railway    and    Light   Co.,  \.  E,  Winslow. 

Vancouve'-,  B.  C.  Chas.  R,  Cross. 


Emery,  Charles  Edward,  Consulting  Engineer, 

2  2  Cortlandt  St 


Fay,  Thomas  J. 


Fish,  Walter  C. 


Gans,  John  L. 


Hadley,  Warren  B. 


Healy,  Louis  W. 


Kellogg,  James  W. 


Edward  Weston. 
Thomas  A.  Edison. 
New  York.  Frank  J.  Sprague. 

Maine  Electric  Improvement  Co.,    Harry  Alexander. 

136  Liberty  St., .  W^.  A.  Rosenbaum. 

New  York.       M.  C.  Sullivan. 

Manager,  Bernstein  Electric  Co.,  Edwd.  Blake. 

620  Atlantic  Ave.,  Geo.  W.  Davenport, 

Boston.  Mass. 


Superintendent  and  Electrician, 
The  Electric  Company, 

Connellsville,  Penn. 

Supt.  Wiring  Dept  .  Edison  Elec- 
tric Illuminating  Co.,  431  Fifth 
Ave.,  New  York. 

The  Wightman  Electric  Co., 
1205  Marion  St., 

Scranton,  Pa. 

Assistant  to  District  Engineer, 
Edison  General  Electric  Co., 
140  K.  27th  St.,  New  York. 


Luquee,  Thatcher  T.  P.  Asst.  in  Surveying  and   Practical 
Mining,  and  Student  in  Electrical 
Engineering,  Columbia  College,  W.  H.  Freedman 
N.  Y.  and  Bedford,  N.  Y. 


8   C.  Peck. 

J   G    White. 

R.  W.  Pope. 

T.  C.  Martin. 

L.  Slicringer. 

T.  C.  Martin. 

S.  S.  Wheeler. 

M.  J.  Wightman. 
K  L.  Nichols. 
Ernest  Merritt. 

M   C.  Sullivan. 
T.  C.  Martin. 
R.  W.  Pope. 

M.  I.  Pupin. 
F.  B.  Crocker. 


Rosebrugh,  Thomas  Reeve  Lecturer  in  Electrical  Engineer- 
ing, School  of  Practical  Science, 
Toronto,  Ont. 


Taintor,  Giles 


Wirt,  Herbert  C. 


Woodward,  Francke  L. 


Total  15. 


Assistant  Electrician,  N.  E.  Tele- 
phone and  Telegraph  Co.,  7 
Walnut  St.,  Boston,  Mass. 

Electrician,  Marine  Dept.  Thom- 
son-Houston Electric  Co ,  12 
Millmont  St..  Roxbury,  Mass. 

Student  in  Electricity, 
49  Grand  St. . 

Albany.  N.  Y. 


T.  D.  Lockwoftd. 

R.  W    Pope 

T.  C.  Martin. 

I.  H.  Famham. 

T.  D.  Lock  wood. 

Chas.  R.  Cross. 

S.  C.  Peck. 

Theo.  Stebbins. 

G.  W.  Davenport. 

R.  W.  Pope. 
T.  C.  Martin. 
Jos.  Wetzler. 
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Caldwell,  Fordyce  S. 


CaRTW RIGHT,  FrED'K  G. 


Cheney,  W.  C. 


FooTK,  Charles  \V. 


Hall,  John  I.. 


Hamilton,  William  II. 
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Smith,  Jesse  M.  Consulting  Engineer,  in  Mechanics 

and  Electricity,  36  Moffatt  Block, 
Detroit,  Mich. 

The  SECRETiLRY : — The  report  of  the  Committee  on  Units  and 
Standards  which,  as  I  understand  from  Mr.  Wetzler,  includes  a 
subject  brouglit  up  before  the  Frankfort  Congress,  will  probably 
be  submitted  to  the  Institute  for  discussion  either  at  the  October 
or  the  November  meeting.  The  report  was  referred  to  the  Com- 
mittee on  Papers  and  Meetings,  by  Council,  with  the  request  that 
it  be  brought  before  the  Institute  for  discussion  at  an  early  dav. 

[Adjourned.] 


[reply    to    the    above    discussion      communicated     IJY 
PROF.    HARRIS   J.    RYAN.] 

I  have  been  understood  to  advocate  tliat  the  air  gap  in  direct 
current  dynamos  should  not  be  made  small.  I  have  not  desired 
to  advocate  either  long  or  short  air  gaps.  I  have  designed  a 
direct  current  constant  potential  dynamo  that  had  the  smallest 
possible  air  gap  that  can  be  provided.  The  armature  conductors 
were  placed  under  the  surface,  and  the  depth  of  the  air  gap  was 
just  sufficient  for  mechanical  clearance.  The  magnetic  density 
throughout  the  armature  core  was  less  than  10,000  lines  per  scj. 
cm.,  so  that  saturation  did  not  take  place.  When  this  machine 
was  built  and  tested,  it  was  found  that  four  times  the  normal 
output  of  the  current  in  the  armature  did  not  even  distort  the 
field,  neither  was  the  neutral  point  shifted,  nor  sparking  pro- 
duced. By  normal  output  of  current,  I  mean  that  current  which 
would  not  excessively  heat  the  armature  on  a  long  run,  or  a 
rating  of  500  cir.  mils  per  ampere  in  each  conductor.  I  agree 
therefore,  with  the  members  who  said  that  you  may  make  the 
air  gap  as  small  as  you  please,  if  then,  you  only  design  the 
machine  right.  But  most  persons  who  hear  this  will  say  :  ''  In 
what  manner  do  you  design  the  machine  right  ?" 

I  have  examined  the  complete  data  and  dimensions,  together 
with  the  corresponding  performance  of  almost  every  sort  of 
direct  current  commercial  generator  or  motor,  and  have  not  found 
a  set  of  conditions,  where  the  relations  that  I  have  spoken  of  do 
not  hold  true.  The  point  mentioned  by  Mr.  Tesla  as  being  one 
of  such  great  importance  as  to  change  the  whole  result,  is  one  not 
at  all  unknown  to  me  and  is  one  entirely  covered  in  the  paper. 
He  said :  "  In  a  motor  or  generator,  in  which  the  golar  faces  ai|^ 
armature  core  are  both  smooth,  we  can  reduce  the  air  gap  inde- 
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finitely,  and  the  smaller  it  is,  the  better,  and  in  many  experiments 
I  found  that  we  can  not  reduce  it  far  enough,  disregarding 
mechanical  difficulties."  Now,  one  of  the  points  I  made  is  that 
when  the  poles  are  so  proportioned  and  used,  that  saturation  does 
not  occur,  the  armature  ampere  turns  have  practically  no  effect 
on  the  total  magnetization  set  up  through  the  armature  by  the 
field.  This  is  true  no  matter  how  small  the  air  gap  may  be.  If 
then  we  use  a  very  small  air  gap,  poles  properly  proportioned 
and  without  too  small  a  space  between  them,  there  will 
be  inactive  coils  in  the  normal  diameter  of  commutation  where 
the  brushes  may  be  placed,  and  the  machine  may  be  operated 
precisely  as  Mr.  Tesla  states.  Such  a  machine,  unless  it  be  a  very 
small  (>ne,  will  always  have  the  magnetization  reversed  to  a 
considerable  extent  under  the  pole  corners  a.  6.,  Fig.  1.  In  the 
larger  machines  this  negative  magnetization  assumes  larger  pro- 
portions, and  the  magnetization  under  the  strong  pole  comers 
becomes  correspondingly  large.  As  a  matter  of  fact,  in  this  line 
of  practice,  the  manufacturers  found  it  necessary  to  build  up  the 
faces  of  cast-iron  poles  with  wrought-iron.  In  this  way  the 
strong  pole  corners  are  kept  from  saturation,  a  condition  that 
was  shown  to  be  necessary  if  the  armature  current  is  not  to 
seriously  ailect  the  total  magnetization  especially  when  small  air 
gaps  are  used.  This  type  of  machinery,  performs  entirely  in 
accordance  with  the  relations  treated  of  in  this  paper. 

Another  point  was  raised  by  Mr.  Tesla,  when  he  spoke  of  the 
effect  of  the  six  slots  cut  in  the  poles.  He  misunderstood  me. 
The  slots  were  entirely  back  of  the  pole  surface.  The 
pole  surface  was  not  interfered  with  by  them,  that  is 
it  was  left  smooth.  All  field  exploration  curves  given  in  this 
paper  are  in  absolute  measure,  and  were  obtained  by  careful 
observation  from  the  machines  under  consideration.  The  dotted 
curve,  therefore,  in  Fig.  11,  shows  the  existence  of  an  entirely 
uniform  and  unbroken  field  in  the  air  gap.  Therefore,  it  is  seen 
from  actual  measurement  that  the  slots  did  not  influence  the 
magnetic  distribution  in  the  air  gap. 

In  conclusion  I  desire  to  say  that  the  investigations  leading 
to  the  results  established  have  been  prosecuted  almost  entirely  in 
connection  with  many  classes  of  well-known  modern  commercial 
machinery.  For  obvious  reasons,  it  has  been  necessary  in  this 
paper  to  discuss  only  data  and  results  obtained  largely  from 
machinery,  that  is  not  at  the  immediate  present,  ^j^rt^i^f^^^jM-^ 
tice  of  this  country.  ^ 
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AMERICAN    INSTITUTE    OF    ELECTRICAL 
ENGINEERS. 


New  Yokk,  October  27th,  1891. 

The  sixtieth  m«etinfr  of  the  American  Institute  of  Electrical 
Engineers  was  held  this  date  at  No.  12  West  Thirty-first  street. 
The  meeting  was  called  to  order  by  Vice-President  Thomas  1). 
Lockwood. 

The  Chaikman  : — In  the  absence  of  our  Secretary,  Mr.  Pope, 
Mr.  Foster  has  kindly  consented  to  act  for  the  evening.  The 
paper  forming  the  principal  subject  for  the  evening  will  be  one 
upon  '*  Magnetic  Reluctance,"  by  Mr.  A.  E.  Kennedy.  Prior  to 
reading  the  paper,  it  is  possible  we  may  have  one  or  two  items  of 
business,     Mr.  Secretarv,  have  we  anything? 

Mr.  H.  a.  Fostek  : — 'there  is  the  report  of  the  delegates  to  the 
International  Electrical  Congress  at  Frankfort. 

Mb.  T.  C.  Maktin  :  —1  have  in  my  hands  the  report  of  Mr. 
Carl  Hering,  the  chairman  of  the  delegation  sent  by  the  Institute 
to  Frankfort  I  understand  that  the  report  has  been  presented 
to  the  (youncil  this  afternoon  and  read  there.  I  think  it  will  be 
quite  in  consonance  with  the  wishes  of  the  members  if  I  move 
that  this  report  be  printed  in  the  Tkansaotions  of  the  Institute. 
It  is  of  sufficient  interest  to  deserve  permanent  record,  and  by  so 

? publishing  it  I  think  that  that  purpose  will  be  achieved.     There- 
ore  I  move  that  it  be  so  printed. 
FThe  motion  was  seconded.] 

The  Chaibman:— I  presume  that  motion  comprehends  the  ac- 
ceptance of  the  report  on  the  part  of  the  Institute,  and  I  will 
accordingly  put  it.  It  is  moved  and  seconded  that  the  report 
presented  by  Mr.  Carl  Hering  of  our  delegation  to  the  Interna- 
tional Congress  of  ElectriciHUs  at  Frankfort,  be  accepted^ 
placed  upon  file  and  printed  in  the  proceedings  of  the  Institute. 
[The  motion  was  carried.] 

The  Chairman  : — I  understand,  gentlemen,  that  this  Interna- 
tional Congress  at  Frankfort  has  been  so  good  as  to  send  us  some 
publications  of  its  proceedings,  and  I  will  ask  Mr.  Hering  if  he 
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can  give  us  any  more  information  upon  that  head  and  can  sug- 
gest any  disposition  which  should  he  made  of  those  publications. 

Mb.  Carl  Hebinq  : — There  is  no  more  information  to  be  given 
except  to  say  that  the  printed  proceeding  of  the  Congress  will 
be  presented  to  the  Institute,  and  I  think  it  would  be  well  for  the 
Institute  to  write  a  letter  to  the  managers  of  the  Congress, 
thanking  them  for  sending  us  this  material. 

The  Chaibman  : — If  there  is  no  objection,  the  Chair  will  re- 
quest the  Secretary  to  write  Buch  a  letter  of  thanks,  or  perhaps 
in  view  of  the  courtesy,  it  would  be  better  to  have  a  formal 
vote  to  that  effect.  Do  you  make  that  as  a  motion,  Mr.  Her- 
inff  % 

Mb.  Hebino  : — I  make  that  as  a  motion. 

[The  motion  was  seconded.] 

The  Chaibman  : — It  is  moved  and  seconded  that  the  Secretary 
be  instructed  to  write  a  letter  to  the  management  of  the  Con- 
gress at  Frankfort,  returning  the  thanks  of  the  Institute  for  the 
copy  of  its  proceedings,  which  we  have  received,  or  will  receive. 

[The  motion  was  carried.] 

The  Secretary  announced  tnat  the  following  Associate  Members 
had  been  elected  at  the  meeting  of  Council,  October  27th. 

Name.  Addren.  Endorsed  by 

DE  Khotinsky,  Capt.  Achilles,  Electrician,  Germania  Elec-         H.  Bottomley. 

trie  Co.,  505  Exchange  fildg.,        Otis  K.  Stuart. 
Boston,  Mass.  Thos.  D.  Lockwood. 
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Cbas.  L.  Buckingham. 
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MoNKLL,  Joseph  T.  With  F.  B.  Crocker,  236  W.  22d         F.  B.  Crocker. 

Street,  New  York  City  W.  H.  Freedman. 
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Smith,  T.  Carpenter,         Partner  in  firm  of  M.  R.  Muckle,       Ralph  \V.  Pope. 
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Strong,  Frederick  G.        Electrician,  Midland  Electric  Co.,  E.  Z.  Bums. 

1616  Seventeenth  St.,  Denver,  Wm.  A.  Anthony. 

Colo.  John  S.  Waring. 
ToUl,  6. 

The  Chairman  : — The  first  of  these  uairies,  Captain  de  Kho- 
tinsky, is  of  more  than  ordinary  interest,  since  it  was  in  a  French 
patent  awarded  to  that  gentleman  that  one  of  the  very  earliest  de- 
scriptions and  drawings  of  a  parallel  circuit  arrangement  for 
direct  distribution  for  incandescent  lighting  was  disclosed.  Such 
of  us  as  have  had  patents  rejected  upon  wie  French  patent  of 
Captain  de  KhotinsKi  will,  I  am  sure,  welcome  him  with  open  arms 
when  he  makes  his  appearance  here. 

We  shall  now  be  happy  to  hear  Mr.  Kennelly  read  his  paper 
upon  "  M^etic  Reluctance."  p,g„,ed  by  %.3v^v^ v le 

Mr.  A.  E.  Kennelly  read  the  following  paper :  ^ 


ji  paper  read  at  tkt  both  Meetingo/the  A  mtrican 
Institute  0/  Electrical  Engineers^  New  York,, 
Oct.  rjtk^  1S91.  Vice-President  Lockwocd  in 
in  the  Chair. 


MAGNETIC  RELUCTANCE. 


BY  A.  £.  £ENNELLY. 


The  science  of  magnetism  was  a  collection  of  facts  concerfiing 
magnets,  until  Coulomb  first  brought  to  light  a  quantitative  rela- 
tion between  a  few  of  its  phenomena,  and  thus  entitled  it  to  ap- 
pear among  the  exact  sciences.  He  determined  by  measurement 
that  the  forces  of  attraction  or  repulsion  between  the  poles  of 
long  thin  bar  magnets  were  proportional  to  the  strengths  of 
those  poles  and  inversely  to  the  square  of  their  intervening  dis- 
tance. 

In  one  respect,  it  has  since  been  shown  that  the  discovery  was 
unfortunate,  for  it  served  to  depress  rather  than  to  stimulate  fur- 
ther inquiry  into  the  laws  of  quantitative  magnetic  relationships. 
The  application  of  Coulomb's  law  soon  brought  into  use  a  con- 
ception of  magnetism,  suggested  perhaps  by  the  analogy  the  law 
bears  to  that  of  gravitation  force.  This  was  the  hypothesis  of 
a  layer  of  fluid  or  imponderable  matter  resident  on  the  surfaces 
of  magnetic  bodies  and  endowed  with  attractive  and  repellant 
forces  on  all  portions  of  such  fluid,  in  exact  similarity  to  the  two 
fluid  theory  of  electricity.  Each  element  of  surface  magnetism 
would  exert  according  to  Coulomb's  law  a  definite  force  upon 
every  other  element  of  its  own,  or  of  other  magnet  surfaces,  and 
when  the  distribution  of  the  magnetic  matter  or  Active  layer  was 
known,  the  total  forces  active  between  the  magnets  forming  the 
system  could  be  determined  by  the  summation  of  all  the  elemen- 
tary actions.  This  was  the  polar  conception  and  mathematical 
theory  of  magnetism.  It  was  not  only  artificial,  it  was  also  mis- 
leading. It  assumed  that  definite  action  could  be  exerted  at  a 
distance,  urnoring  the  action  of  the  intervening  medium.   Never- 
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theless,  a  sliglit  modification  of  the  polar  theory  rendered  it  capa- 
ble of  expressing  a  mathematical  theory  of  magnetism  with  ap- 
parent success,  and  exhibits  in  this  respect,  like  the  theory  of 
gravitation,  the  remarkjible  construction  of  purely  artificial  frame- 
works of  thought,  void  of  all  attempt  at  reality,  yet  capable  of 
affording  useful  applications  and  exact  quantitative  results,  ^hile 
beneath  their  foundations,  the  leal  and  active  natural  forces  still 
lie  in  undiscovered  concealment. 

It  was  soon  apparent  that  magnetism  considered  as  a  fluid  could 
not  be  confined  to  the  surface  of  bodies,  since  it  was  only  neces- 
sary to  break  a  bar  magnet  asunder  in  order  that  new  ])ole8  and 
new  magnetic  fluid  should  be  exhibited.  The  amendment  to  the 
original  theory  was  then  framed  that  a  condition  of  molecular 
magnetization  extended,  veinlike,  throughout  the  substance  of 
the' magnet.  The  termination  of  each  vein  at  the  surface  ex- 
posed a  definite  quantity  of  polarized  magnetic  matter,  while 
within  the  veins,  the  polarity  was  neutralized  by  the  successive 
layers  of  opposite  molecular  poles.  This  was  a  great  stride  be- 
yond the  original  theory,  for  it  ascribed  magnetism  not  alone  to  a 
Active  superficial  layer,  but  to  the  combined  effects  of  all  the 
molecules  in  the  magnetized  body,  whose  substance,  no  longer  a 
mere  frame  for  supporting  the  layer,  became  invested  throughout 
with  a  definite  condition. 

The  amendment  in  time  became  classical,  and  subverted  the 
original  conception,  for  the  polar  theory  only  recognized  super- 
ficial magnetism,  while  the  vein  theory  did  not  make  any  such 
reservation.  It  was  only  necessary  to  assume  that  the  veins 
varied  in  richness  at  different  parts  of  the  magnet,  or  that  they 
miiiht  be  subjected  to  faults  and  partial  discontinuities,  to  intro- 
duce unneutralized  polarity  within  the  mass  which  might  be  ca- 
pable of  exerting  external  influence,  a  condition  neither  the  sim- 
plest nor  most  usual,  but  which  the  experiment  of  superposed 
magnetizations  in  steel  has  rendered  familiar.  This  irregularity 
of  vein  structure  would  add  a  volume  distribution  of  magnetic 
fluid  through  the  interior  of  the  magnet  to  the  surface  distribu- 
tion on  the  outside. 

On  the  vein  theory,  the  intensity  of  magnetization  at  any  point 
of  the  magnet  would  be  defined  as  the  amount  of  magnetic  matter 
cut  through  in  the  veins  per  unit  area  by  a  plane  section  perpen- 
dicular to  their  direction,  at  the  point  in  question. 

'  A  unit  magnetic  pole  situated  in  free  space,  at  the  end  of  a 
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very  long  thin  bar  magnet  would  by  definition  repel  with  unit 
force  a  similar  pole  one  centimetre  distant,  that  is  resident  on  the 
surface  of  a  sphere  one  centimetre  radius,  of  which  it  occupied 
the  centre.  The  surface  area  of  this  sphere  would  be  12.57  (47r) 
sq.  cms.,  and  over  all  this  surface  the  pole  would  thus  establish  a 
magnetic  field  of  unit  strength  and  exert  a  magnetic  stress  equal 
to  unity.  Each  square  centimetre  of  the  surface  bounds  an  area 
of  stress  which  emanates  from  the  pole,  and  consequently  the 
latter  must  emit  4;r  units  of  stress  flux.  In  the  language  used  by 
Faraday  it  would  throw  off  4;r  lines  of  force.  This  stress  flux  has 
somewhat  unfortunately  received  from  Maxwell  the  name  of  in- 
duction, and  the  induction  through  the  surface  surrounding  the 
pole  would  be  47r  units. 

The  interest  connected  with  the  nature  of  this  stress  demands 
a  moment's  pause  at  this  point.  While  its  real  character  is  still 
as  great  an  enigma  as  the  real  character  of  magnetism  itself, 
some  of  its  laws  are  well  understood.  There  exists  along  the  di- 
rection of  the  stress  a  tension  accompanied  by  a  general  pressure 
at  right  angles,  just  as  in  the  case  of  stimulated  muscular  fibre 
which  tends  to  shorten  and  to  expand  laterally,  or  as  it  is  gener- 
ally expressed,  the  lines  of  force  tend  to  contract  while  repelling 
one  another.  Since  the  time  of  discovery  that  the  plane  of  un- 
dulation in  polarized  light  waves,  twists  in  passing  through  cer- 
tain magnetized  substances  it  has  been  supposed  that  the  stress 
might  be  of  a  rotatory  character.  Like  an  incompressible  fluid  it 
can  neither  accumulate  nor  vanish  locally,  and  as  much  stress  flux 
must  leave  any  region  as  enters  it,  if  no  magnetic  pole  exist 
within  the  confines.  Its  intensity  is  very  remarkable,  for  it  is  far 
in  excess  of  any  stress  that  we  can  exert  without  the  aid  of  cohe- 
sion in  matter.  This  may  be  judged  by  comparing  the  quantities 
of  energy  that  can  be  stored  in  a  given  volume  of  space — say  air 
space.  It  is  of  course  easy  even  without  the  assistance  of  iron 
to  magnetize  a  cubic  centimetre  of  air  to  a  flux  density  of  6019 
G.  G.  s.  lines  when  it  will  possess  an  energy  stored  up  in  magnetic 
stress  of  one  megalerg  (1,000,000  ergs  or  0.0737  foot-pound) 
while  if  this  magnetization  be  alternated  227  times,  per  second 
the  average  rate  of  absorption  and  discharge  would  be  45.5  watts, 
and  one  cubic  inch  of  this  air  would  stow  and  release  energy  with 
the  average  activity  of  one  standard  British  horse.  Under  elec- 
trostatic stress,  air  not  in  the  immediate  neighborhood  of  a  con- 
ductor appears  to  break  down  when  the  e.  m.  f.  per  linear  centi- 
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metre  exceeds  32,000  volts  or  110  a.  e.  s.  u.,  so  that  the  maximum 
electrostatic  energy  that  one  cubic  centimeter  will  hold  without 
rupture  is  about  500  ergs  or  two  thousand  times  less  than  that  resi- 
dent in  air  stressed  magnetically  to  5,000  lines,  while  a  cubic  centi- 
metre of  air  near  the  earth's  surface  illumined  by  bright  sunlight 
does  not  hold  more  radiant  energy  than  about  50  microergs. 

An  alternating  current  transformer  is  a  device  in  which  the 
secondary  coil  absorbs  the  energy  out  of  air  and  iron,  pervaded 
by  the  stress  flux  from  the  excited  primary  coil.  Unfortunately 
while  magnetically  stressed  air  yields  so  far  as  we  know  all  its 
stress  energy  back  into  either  the  primary  or  secondary  circuity 
stressed  iron  fails  to  do  so  entirely,  and  absorbs  energy  at  every 
cycle,  a  process  known  as  absorption  by  hysteresis.  The  iron  di- 
rectly converts  the  magnetic  stress  energy  into  heat  energy,  just 
as  a  spring  absorbs  some  of  the  energy  imparted  to  it  during 
every  cycle  of  compression  and  recoil. 

These  ^tz  units  of  stress  flux  are  not  confined  to  a  spherical 
surface  of  one  centimetre  radius  but  would  be  found  by  summation 
over  any  enveloping  surface  containing  a  single  unit  pole,  just  as 
the  delivery  of  material  liquid  must  be  the  same  in  a  steady 
stream  at  any  section  of  its  course  independent  of  the  channel 
area  there  existing ;  for  at  ten  times  the  distance,  the  spherical 
area  would  be  100  times  greater  and  the  stress  by  Coulomb's  law 
100  times  less,  leaving  the  total  area  of  total  stress  unchanged, 
and  it  follows  in  fact  that  the  stress  flux  over  any  boundary  is  al- 
ways 4;:  times  thfe  strength  of  pole  enclosed,  no  matter  whether 
that  pole  be  alone  in  space,  or  be  the  sum  of  any  number  of  mag- 
netic systems,  in  molecules  or  in  masses. 

On  the  vein  theory  however,  the  strength  of  a  pole  is  the  quan> 
tity  of  magnetic  matter  on  its  surface,  assuming  that  the  vein& 
meet  it  perpendicularly,  or  it  is  the  aggregate  surface  intensity 
of  magnetization,  so  that  the  stress  flux  through  each  unit  of  po- 
lar surface  is  4^*  times  the  intensity  of  magnetization.  This  is 
true  not  only  for  the  polar  surface,  but  also  for  the  interior  of 
the  magnet  and  every  unit  vein  of  magnetic  polarized  matter 
carries  associated  with  it  a  stress  flux  of  4;r. 

The  magnet  may  itself  be  situated  in  a  field  of  force  so  that  its 
substance  may  be  pervaded  by  a  stress  flux  independent  of  that 
in  its  veins.  It  may  and  generally  does  happen  that  part  of  this 
separate  stress  flux  issues  from  its  own  poles,  in  which  case  it 
will  enter  in  the  opposite  direction  to  the  vein  or  internal  flux 
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and  will  tend  to  reverse  the  molecular  polarity  of  the  vein  struc- 
tare,  but  whenever  such  additional  flux  is  present,  the  resultant 
total  flux  at  each  point  will  be  the  geometrical  resultant  of  that 
in  the  veins,  compounded  with  the  external  flux  by  the  parallelo- 
gram of  forces.  In  the  important  case  of  a  long  bar  of  homoge- 
neous soft  iron  submitted  to  the  influence  of  a  unifonn  magnetic 
field  acting  in  the  direction  of  its  length  there  will  be  a  uniform 
induced  molecular  polarization  or  magnetization,  set  up  along  the 
bar.  Suppose  for  instance  a  bar  of  iron  five  square  centimetres  in 
uniform  cross-section  pointed  in  the  direction  of  the  dipping  nee- 
dle near  Paris.  The  earth's  field  there  being  0.46  unit,  or  its 
stress  flux  0.46  units  over  each  normal  square  centimetre,  that 
stress  would  be  active  in  setting  up  polarity  in  the  molecules  of 
the  iron  along  the  bar.  The  degree  of  magnetization  would  be 
also  influenced  by  its  own  resulting  polar  stress  unless  this  effect 
could  be  rendered  insensible  by  sufficiently  extending  the  length 
and  thus  carrying  the  poles  out  of  the  field.  With  a  very  long 
bar  magnet  the  magnetization  would  be  everywhere  about  40 
times  this  strength  of  field,  or  numerically  18.4  units,  and  on  the 
vein  theory  there  would  therefore  be  18.4  units  of  magnetic  mat- 
ter exposed  on  the  surface  of  each  square  centimetre  in  a  slice 
made  across  the  bar  at  any  point  or  92  units  over  the  whole  sec- 
tion. The  polar  surfaces  would  also  be  covered  by  92  units  of 
positive  and  negative  matter  respectively.  Associated  with  each 
unit  vein  of  polarity  however  would  be  4j:  units  of  stress  flux 
giving  a  total  flux  of  1156  units  in  the  bar  which  would  emerge 
from  the  polar  surfaces  and  unite  in  surrounding  space.  The 
whole  induced  system  would  however  be  immersed  in  the  earth's 
fleld  that  evoked  it,  and  which  would  be  superposed  upon  it 
throughout.  There  would  thus  be  ll.'>6-|-2.3  or  1158.3  units  of 
flux  in  ordinary  phaseology  1158.3  lines  of  induction  through  the 
bar,  a  density  of  231.6  c.  g.  s.  units  per  square  centimetre.  The 
law  that  the  whole  flux  is  the  field  flux  compounded  with  the 
induced  flux  of  4;r  times  the  magnetization,  which  holds  uni- 
formly at  all  points  throughout  the  bar  in  this  simple  case  is  true 
at  any  individual  point  in  the  most  complex  case,  however  vari- 
able the  fleld  or  magnetization  may  be. 

The  fact  that  the  stress  flux  has  the  same  total  value  over  any 
envelope  surrounding  a  magnetic  pole,  however  widely  the  stress 
jnay  be  difEused  and  rarefied,  that  it  follows  curves  in  space  whose 
existence  can  be  rendered  evident  by  iron  fllinfi:8  and  curves  that 
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form  closed  loops  through  the  substance  of  the  magnet  itself 
gradually  suggested  the  notion  of  a  magnetic  circuit  in  which  the 
circulation  was  neither  a  fluid  nor  an  energy-exchanging  condition 
like  a  current  but  a  stress. 

This  conception  once  firmly  established  proved  of  great  ad- 
vantage. Not  only  has  the  dynamo  been  greatly  aided  in  devel- 
opment by  tlie  applications  of  this  theory  but  the  inter-relation- 
ship between  magnetism  and  electricity  has  been  brought  into 
clearer  recognition  in  consequence.  From  this  point  of  view  the 
ideas  and  analogies  of  the  galvanic  circuit  became  paramount  and 
eclipsed  the  original  notions  of  hiagnetic  matter  and  magnetiza- 
tion. All  that  was  essential  on  this  hypothesis  was  a  magneto- 
motive force  in  a  circuit  having  conductivity,  and  a  llux  or  mag- 
netic current  resulted.  The  magneto-motive  force  in  permanent 
magnets  was  the  result  of  a  definite  molecular  condition  in  the 
iron,  while  in  the  neighborhood  of  an  electric  current  it  was  al- 
ways active.  Accordini?  to  Ampere's  theory  that  magnets  had 
molecules  in  which  electric  currents  ever  circulated,  the  two 
sources  of  magneto-motive  force  were  united. 

Some  contention  took  place  between  the  claims  of  the  vein 
theory  and  the  circuit  theory  for  the  interpretation  of  magnetic 
phenomena,  and  the  question  as  to  their  relative  merits  is  yet 
often  raised.  It  seems  however  early  to  decide  upon  the  accep- 
tance of  any  theory  while  the  ultimate  origin  and  nature  of  mag- 
netism remains  unexplained,  and  it  is  better  to  regard  both  the- 
ories as  working  hypotheses  to  account  for  the  effects  of  magnetic 
laws,  equally  capable  of  yielding  correct  results  and  therefore 
closely  associated,  while  the  preference  between  them  will  de- 
pend upon  the  nature  of  the  problem  to  be  attacked.  The  cir- 
cuit theory  is  the  simpler  for  general  purposes  of  theory  and  par- 
ticularly for  dealing  with  the  phenomena  of  electromagnetism. 
The  vein  theory  on  the  other  hand  while  very  artificial  is  often 
more  convenient  in  dealing  with  the  magnetic  behavior  of  the 
three  metals  iron,  cobalt,  and  nickel,  and  it  is  the  natural  ac- 
companiment of  Ewing's  modern  theory  of  magnetization  which 
at  present  appears  to  best  represent  the  facts. 

On  the  circuit  theory  the  magnetic  conductivity  of  all  sub- 
stances is  very  nearly  the  same  as  that  of  an  air-pump  vacuum, 
and  constant,  notably  accepting  the  three  magnetic  metals  whose 
conductivity  is  enormously  greater,  but  variable  with  the  con*- 
ilitions  of  the  circuit.  ^^^^^  ^^  Google 
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The  existence  of  magnetic  conductivity  known  as  "permea- 
bility "  necessarily  involved  the  inverse  quality  of  magnetic  re- 
sistance.^ Some  debate  has  taken  place  as  to  the  validity  of  this 
term  or  its  application,  for  the  reason  that  the  resistance  which 
enters  into  practical  magnetic  circuits  is  generally  far 
more  variable  than  that  found  in  the  metallic  circuit  of  electri- 
city. It  is  now  generally  admitted  however  that  the  term  mag- 
netic resistance  is  fairly  applicable  in  virtue  of  analogy  if  not  of 
exactitude.  The  term  magnetic  reluctance  then  suggested  by  Heavi- 
side,  has  however  the  advantage  that  "  reluctance"  as  one  word  is 
less  cumbrous  than  "magnetic  resistance,"  and  for  that  reason  only, 
it  is  advantageous  to  retain  it.  Similarly  the  reluctance  per  unit 
volume  or  the  magnetic  resistance  of  one  cubic  centimetre  has 
been  called  "reluctivity"  and  is  perfectly  definite  if  not  quite 
euphon  ous  under  that  title.  It  is  this  quantity  which  will  oc- 
cupy oar  further  attention. 

This  magnetic  circuit  differs  from  the  galvanic  in  one  import- 
ant particular.  In  the  latter  we  most  frequently  meet  with  a 
conductor  carrying  the  flux  or  current  through  an  insulating  me- 
dium such  as  air  in  which  no  current — certainly  no  measurable 
current — passes.  In  the  magnetic  circuit  this  condition  of  things 
while  approximated  to,  and  often  for  practical  purposes  assumed 
in  dynamos  or  electro-magnets  is  only  realized  in  one  actual  in- 
stance— that  of  a  closed  Faraday  ring  uniformly  wrapped  with 
wire  carrying  a  current  In  every  other  real  case  the  flux  is  dif- 
fused more  or  less  through  the  surrounding  substances  and  does 
not  follow  a  simple  passage.  Magnetic  flux  in  fact  is  not  to  be 
enchanneled  because  there  is  no  known  magnetic  insulator,  and 
this  fetters  by  complication  the  quantitative  grasp  of  the  sub- 
ject. 

The  law  of  the  magnetic  circuit  is  like  Ohm's  law  that  the  flux 
is  equal  to  the  magneto-motive  force  divided  by  the  reluctance. 
That  is  regarding  the  circuit  as  a  whole.  For  any  one  point  of  the 
circuit  the  law  is,  that  the  flux  density  is  equal  to  the  drop  in 
magnetomotive  force  per  centimetre,  there  existing,  divided  by 
the  reluctivity — corresponding  exactly  to  the  case  of  Ohm's  law 
at  any  point  in  an  electric  circuit.  This  "drop"  is  called  the 
magnetizing  force,  denoted  by  11,  and  is  the  strength  of  the  mag- 
netizing field  at  the  point.  Owing  however  to  the  great  varia- 
tion that  exists  in  the  reluctivity  of  iron  which  eaters  into  nearly 
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every  practical  magnetic  circuit,  the  law  is  of  much  less  service 
than  Ohm's  electric  law.  The  reluctivity  depends  not  only  on 
the  magnetizing  force  but  also  on  the  degree  of  purity  of  the 
iron,  and  iron  possessing  12  per  cent,  of  manganese  is  almost 
non  magnetic.^ 

A  namber  of  attempts  have  been  made  by  different  observers 
to  establish  a  definite  relationship  between  the  flux  density  and 
the  magnetizing  force  or  the  permeability  in  order  to  so  amend 
the  magnetic  Ohm's  law  as  to  give  serviceable  results  for  even 
pure  iron.  The  results  obtained,  excepting  the  formulae  of  Fro- 
lich  and  Lamont,  have  generally  been  regarded  as  unsatisfactory. 
They  have  usually  been  expressed  graphically  as  curves  in  one 
of  three  types : — 


OH     -^ 


1.  II— B  or  curves  of  magnetizing  force  and  flux  density. 

2.  H — fx  or  curves  connecting  permeability  and  magnetizing 
force. 

3.  B — /i  or  curves  connecting  flux  density  and  permeability. 

It  is  the  object  of  this  paper  to  show  that  there  is  a  fourth  re- 
lation that  has  not  received  the  attention  it  seems  to  deserve — 
namely  the  curves  connecting  the  reluctance  with  the  magnetiz- 
ing force. 

As  an  example  of  the  comparative  forms  of  these  well-known 
curves,  types  1,  2  and  3  are  represented  in  Figs.  1,  2  and  3  for 
a  sample  of  l^Torway  iron  whose  results  are  among  the  first  on 
record,  having  been  published  in  1873.^   The  curve  connecting  the 
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reluctivity  with  magnetizing  force  is  shown  in  Fig.  4  and  exhibits 
a  greater  degree  of  simplicity  than  any  of  the  others.  Curve  4 
consists  in  fact  of  two  lines  that  are  very  nearly  straight,  united 
by  a  rounded  elbow;  and  these  outlines  express  the  fact  that  the 
reluctance  of  this  sample  of  iron  was  v^vyi  nearly  a  linear  func- 
tion of  the  magnetizing  stress  brought  to  bear  upon  it.  The  or- 
dinates  for  this  curve  are  given  in  thousandths  of  an  absolute 
reluctance  unit,  a  quantity  we  may  call  provisionally  a  milli-unit 
abbreviated  MU,  The  reluctance  of  1,000  JTCT.  in  series  would  be 
that  of  one  cubic  centimetre  of  air.  Reluctivity  curves  plotted  from 
various  sources  all  of  which  are  duly  given  in  the  Appendix  appear 
in  Fig.  6  for  various  samples  of  iron  and  steel.  The  general  type 
consists  of  two  lines  nearly  straight,  connected  by  an  elbow  which 
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is  sharper  and  more  defined  as  the  iron  is  softer  and  more  nearly 
pure.  With  hard  steel  the  change  from  the  descending  to  the 
ascending  line  is  very  gradual.  The  reluctivity  of  iron  appears 
from  these  curves  to  commence  at  a  certain  definite  and  moder- 
ately large  value  which  we  may  denominate  its  initial  reluctivity, 
descends  very  rapidly  and  nearly  on  a  straight  line  to  what  may 
be  called  the  critical  reluctivity  at  the  critical  magnetizing  fon  e, 
turns  abruptly,  and  then  advances  along  a  nearly  straight  line. 
Before  the  turning  point  in  Fig.  4  the  reluctivity  may  be  expressed 
approximately  by  the  equation  p=2,9 — S.5JS  while  beyond  the 
bend  the  equation  becomes  ^=0.1-|-0.058J5r.  The  flux  density 
existing  in  this  sample  of  Norway  iron  can  be  calculated  by  the 
Ohm's  law  formula  for  any  value  of  JI,  when  the  corresponding 
value  of  the  reluctivity  is  taken  from  one  or  other  of  these  two 
equations  and  the  resulting  curve  of  £ — ZTwill  practically  coiiw^ 

Digitized  by  v3^^^^VlL 


494 


KRNNBLLY  ON  MAQNETIO  RBLUCTANCB,        [Oct.  27, 


cide  with  that  in  Fig.  1  except  in  the  immediate  neighborhood  of 
the  critical  valu^  of  H  This  relation  also  exhibits  the  founda- 
tion that  exists  for  the  Frolich  formula  which  has  long  been 
known  to  bs  prastically  valuable,  and  even  verj  accurate  in  appli- 
cation to  dynamo- magnetic  circuits,  although  both  the  method  by 
which  it  was  arrived  at  and  the  light  in  which  it  has  since  been 
regarded,  appear  tt»  have  been  empirical  rather  than  fundamental.* 
Fig.  5  shows  that  the  minimum  reluctivity  for  soft  iron  is 
about  0.16  JfZ7.  while  its  initial  reluctivity  is  about  3.0  MU. 
The  critical  value  of  //.  is  also  in  the  neighborhood  of  2. 
If  any  critical  //  can  be  said  to  exist  for  glass  hard  pianoforte 
wire  it  would  be  m  the  neighborhood  of  35  units,  and  eveiy 
description  of  hard  or  impure  iron  met  with  in  practice,  not 
containing  much  manganese,  appears  to  have  its  critical  H  be- 


tween these  limits.  These  reluctivity  curves  also  illustrate  per- 
ha(  s  more  clearly  than  any  others  the  leading  features  of  Ewing's 
theory  of  magnetization.  There  is  first  the  initial  stage  of  di- 
minishing reluctivity  during  which  the  imaginary  molecular  mag- 
nets are  being  deflected  from  their  original  configurations,  then 
a  short  critical  range  of  magnetizing  force  in  which  nearly  all  the 
original  groupings  are  disrupted  at  the  point  of  lowest  reluctance, 
and  finally  a  steady  increase  of  reluctance  as  the  molecules  are 
gradually  forced  by  increasing  magnetic  stress  into  parallelism. 
This  bilinear  characteristic  curve  of  reluctivity  is  not  confined 
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only  to  iron.  Fig.  6  shows  the  same  general  outlines  in  the  case 
of  nickel  taken  from  the  observations  of  Rowland  and  Ewing. 
Here  the  initial  reluctivities  are  higher,  and  the  descent  to  the 
critical  points  much  sharper  than  in  iron,  while  the  ascending 
lines  are  also  steep  but  nearly  straight. 

Taking  the  equation  p=a-\-hH  in  the  ascending  curve'the  first 
term  a  only  disappears  in  one  known  instance — that  of  nickel 
imder  a  mechanical  stress  of  19.s  kilograms  per  square  millimeter 
or  28,lrtn  lbs.  per  square  inch— as  seen  in  Fig.  7  taken  from  Ew- 
ing's  results.     The  lowest  ascending  curve  prolonged  downwards 


almost  meets  the  origin.      Consequently  the  flux   equation   for 
such  nickel  would  be 


^=,4=~= 


-=5650 


and  this  flux  is  practically  constant  for  any  magnetizing  force 
within  further  considerable  limits,  representing  early  saturation. 
The  influence  of  compression  in  diminishing  the  reluctance  of 
nickel  is  clearly  shown  in  Fig.  7.  The  critical  reluctance  is  grad- 
ually diminished  by  the  stress  applied  from  14.5  MU.  at  H.  30  to 
2.6  M  U.  at  U  12.  ""''''' ''  ^^^gi^ 


496 


KENNELLY  ON  MAGNETIC  BELUOTANCE,        [Oct.  »7. 


Fig.  8  gives  the  corresponding  curves  for  cobalt.  The  same 
features  are  again  observable.  Only  in  one  case,  that  of  cast  co- 
balt at  230°  C,  is  there  any  considerable  deviation  f  rom  a  straiiz^ht 
line  in  either  rise  or  descent  from  the  critical  segment  of  the 
curve,  and  this  represents  a  series  observed  by  Rowland  under 
some  experimental  difficulties  and  alluded  to  aa.  somewhat  doubt- 
ful. 

We  have  now  examined  the  reluctance  of  the  three  magnetic 


0  H  J« 


(iO  70  m  90 

Fig.  S. 


metals  collected  from  all  the  best  known  experimental  observa- 
tions. In  addition  to  these  it  appears  that  every  reliable  series 
of  tabulated  results  for  iron,  pure,  impure,  cast  or  forged,  exhib- 
its the  same  types  of  bilinear  reluctance  referred  to  ^between  0 
and  150,  although  in  very  hard  or  impure  specimens  there  is  no 
clear  indication  of  a  critical  point.  This  assumes  however  that 
the  observations  are  not  vitiated  by  residual  magnetism.  For  ex- 
ample the  curve  obtained  by  plotting  the  reluctivities  of  cast-iron 
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as  quoted  by  Silvanus  Thompson  from  Hopkinson's  obsenra- 
tionB*  differ  considerablj  from  this  type,  but  the  difference  ap- 
pears to  be  accounted  for  by  taking  the  mean  between  ascending 
and  descending  values.  The  ballistic  method  of  measurement 
with  anchor  rings,  in  which  the  progress  of  the  magnetizing  force 
takes  place  by  extending  reversals,  gives  reluctances  that  appear 
to  be  as  nearly  linear  as  those  which  are  obtained  by  a  single  in- 


•^reasing  amplitude  of  magnetization,  the  influence  of  hysteresis 
being  apparently  nearly  uniform  in  ratio. 

An  examination  of  reluctivity  curves  naturally  suggests  the 
question  as  to  whether  there  is  really  a  strict  linear  relationship 
between  H  and  p.  In  other  words  whether  the  divergences  of 
the  observation  curves  from  geometrical  straight  lines  can  be 
fairly  ascribed  to  errors  of  observation  allowing  for  the  influences 
of  residual  magnetism. 

First  confining  the  inquiry  to  the  ascending  reluctivity  line — 

1.  Silvanus  Thompson.     •*  Dynamo  £lectric  Machinery ^^g^i^jS^SijjOOQlc 
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that  which  is  geometrically  consequent  upon  FrSlich's  formula 
and  also  under  special  interpretation  with  Lamont's  formula, — 
the  agreement  of  the  plotted  observations  with  a  straight  line 
between  the  neighborhood  of  the  critical  ^and  j5r=15«»  is  often 
so  good  as  to  iniimate  the  existence  of  a  definite  linear  relation- 
ship. It  is  generally  to  be  found,  however,  that  beyond  15J 
O.G.8.  units  of  j&T,  the  line  bends  downward   until  all  hope  of 
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Fig.  9. 

recti  linearity  is  lost.  That  is  on  the  simple  circuit  theory  of  re- 
luctance. If,  however,  we  introduce  an  amendment  into  the 
definition  of  reluctance,  borrowed  from  the  vein  or  polar  theory, 
the  recti  linearity  appears  to  be  nearly  sustained  for  a  much 
greater  distance.  Experimental  observations  of  the  reluctances 
in  circuits  of   the   magnetic  metals  under  powerful  magneto- 
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motive  forces  are  yet  very  scanty,  but  judging  from  the  results 
of  Ewing  and  Low^  the  reluctivity  of  wrought  and  cast-iron  on 
the  amended  definition  appears  to  be  a  linear  or  at  least  nearly 
linear  function  of  the  force  as  far  as  ZT  25,0i>0  and  jST  11,000 
respectively,  the  limits  of  the  quoted  measurements. 

The  graphs  of  these  measurements  are  given  in  Fig.  10.  The 
observations  run  from  Zr3630  to  11.2<»0  for  wrought-iron  with 
an  isolated  observation  at  iiT  24,500  in  a  separate  instance,  the 
similar  series  for  cast-iron  running  from  3,900  to  1(»,6I0  units  of 
H,  The  linear  relationship  is  very  fairly  maintained  and  the 
lines  prolonged  downwards  neirly  strike  the  origin.  It  is  to  be 
observed  that  at  the  limiting  observation  for  wrought-iron  its 
reluctivity  is  nearly  20  per  cent,  greater  than  that  of  air  or  of 
the  air  pump  vacuum. 


Hiiiiiiiiiiliiilii 

riff.  to. 


S  S   b  R  Si  Sj  ? 


According  to  the  simple  circuit  theory,  the  reluctance  is  of 
coarse  the  ratio  of  the  magneto-motive  force  to  the  flux,  and  the 
reluctivity  this  quantity  locally  reduced  to  the  unit  of  volume. 
On  the  vein  theory,  howevur,  which  as  we  have  seen  distinguishes 
the  vein  flux  from  the  magnetizing  flux  superposed  thereon,  the 
conductivity  of  a  mass  of  iron  is  the  conductivity  of  the  iron 
itself  added  to  that  of  the  space  it  occupies,  and  consequently 
applying  the  vein  theory  to  the  magnetic  circuit  we  have  the 
apparent  reluctance  of  the  iron  mass  as  the  joint  reluctance  of 
two  paths  in  multiple  arc,  one  through  the  iron  itself  and  what 
might  be  called  its  metallic  reluctance,  the  other  through  the  re 
luctance  of  the  space  occupied  by  the  iron,  and  the  removal  of 
the  iron  would  leave  this  latter  unaltered.  The  difference  be- 
tween the   apparent   and    metallic    reluctance   is   inappreciable 
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while  the  latter  remains  small,  that  is  generally  speaking  when  If 
is  below  150,  a  limit  rarely  exceeded,  and  consequently  the  ques- 
tion does  not  present  itself  under  usual  practical  conditions,  but  for 
large  values  of  //,  the  difference  is  considerable  and  the  metallic 
reluctance  approaches  the  linear  relationship  with  II  while  the 
apparent  reluctance  deviates  considerably  from  it. 

These  assumptions  from  the  vein  theory,  while  they  may  be 
convenient  are  somewhat  artificial  for  they  postulate  that  the 
space  reluctance  of  a  given  volume  of  air  is  not  altered  when 
the  volume  is  occupied  by  iron.  This  may  not  be  impossible 
but  it  is  difficult  to  imagine  any  reluctance  mechanism  of  ether 
that  would  remain  undisturbed  by  the  introduction  of  a  massive 
substance.  On  the  other  hand  while  tlie  vein  theorj^  imposes 
this  principle  not  touched  upon  by  the  circuital  hypothesis,  it  ex- 
plains very  satisfactorily  the  fact  now  apparently  beyond  dispute, 
that  while  iron  can  be  saturated,  there  is  no  limit  yet  attained  to 
the  flux  density  that  can  be  made  to  pass  through  it.  Ewing's 
results  give  no  limit  at  the  observed  flux  density  of  45,350  o.g.s. 
nearly  three  times  the  flux  density  at  which  iron  is  commonly 
worked  in  practice,  while  at  the  same  time  they  indicate  a  limit- 
ing value  of  magnetization  long  before  that  density  is  reached. 
Following  the  vein  theory,  the  polarization  of  the  iron  is 
then  complete,  and  the  intensity  of  magnetization  or  magnetic 
matter  per  unit  cross-section  of  veins  finds  its  maximum  so  that 
while  the  total  flux  can  go  on  increasing  indefinitely,  it  can  only 
do  so  by  adding  to  the  permeating  field  flux,  the  vein  flux  having 
reached  its  full  limit.  It  is  not  impossible  to  represent  the 
observed  condition  of  affairs  by  the  simple  circnit  theory,  but 
the  mental  picture  is  not  so  clear.  It  would  be  possible  for 
instance  to  imagine  that  the  molecules  of  all  substances  trans- 
mitted the  stress  flux  with  the  same  or  almost  the  same  facility 
as  the  ether  surrounding  them,  but  that  in  the  magnetic  metals 
they  exalted  the  stress  in  transmission.  Maxwell  supposed  that 
the  iron  molecules  were  so  constructed  that  they  could  take  part 
in  the  ether  spin  that  might  constitute  the  stress,  and  if  so  by 
adding  to  it  their  momentum  of  revolution  they  could  augment 
its  value.  There  would  be  then  perhaps  at  a  certain  stress,  a 
speed  of  revolution  which  the  iron  molecules  would  not  exceed, 
and  their  reinforcement  would  be  at  a  maximum,  while  for 
stresses  enormously  greater  than  this,  the  molecular  augmentation 
would  be  lost  in  comparison  with  the  strength  of  field  and  the 
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iron  molecules  would  in  the  aggregate  behave  almost  like  the 
motionless  transmitters  of  other  substances.  The  consequences 
of  this  conception  seem  more  complex  even  if  more  nearly  true. 

Turning  now  to  the  descending  curve  of  reluctivity  between 
the  initial  and  critical  values,  closer  examination  will  show  that 
here  at  least  the  linear  relation  is  only  an  apparent  one.  The 
descent  is  so  steep  that  on  the  scale  of  projection  it  appears 
nearly  straight,  but  when  magnified  it  has  a  distinct  curvature. 
Rayleigh^  and  others  have  shown  that  for  very  small  degrees  of 
j&Tthe  permeability  commences  with  a  definite  steady  value  and 
this  being  the  case  it  would  be  impossible  for  the  reluctivity — 
the  reciprocal  of  that  permeability— to  be  linear  towards  H. 
Series  of  observations  covering  with  suflScient  detail  the  range 
of  H  from  zero  to  unity  are  apparently  few,  and  Fig.  9  gives 
the  plotted  values  of  the  reluctivity  on  an  enlarged  scal^  observed 
by  the  writer  for  a  sample  ring  of  Norway  iron.  The  descend- 
ing line  has  a  marked  curvature  approximately  logarithmic,  that 
would  be  almost  inappreciable  however  on  the  scale  of  the  other 
reluctivity  diagrams. 

Even  however  if  we  admit  that  there  exists  a  linear  relation- 
ship between  H  and  p  beyond  the  critical  point,  that  is  to  say  if 
the  experimental  results  justify  the  belief  that  Fr51ich's  formula 
is  not  merely  an  empirical  one,  we  are  scarcely  entitled  to  attrib- 
ute to  this  relationship  an  intrinsic  physical  signification.  It  may 
enable  us  to  grasp  the  salient  features  of  the  magnetic  circuit  by 
the  re-establishment  of  Ohm's  law,  but  the  relationship  is  more 
likely  to  be  the  consequence  of  a  more  remote  fundamental 
agency  than  to  be  significant  of  any  physical  condition  resident 
in  metallic  reluctivity  itself.  This  is  for  the  reason  that  the  in- 
crease of  flux  under  m.  m.  f.  in  a  magnetic  circuit  due  to  the 
presence  of  iron  is  more  probably  owing  to  an  assisting  m.  m.  f.  set  up 
in  that  iron  under  stress  than  to  any  change  in  the  latter's  reluc- 
tance, and  the  removal  of  the  initial  source  of  m.  m.  f.  from  the 
circuit  still  leaves  some  m.  m.  f.  active  as  residual  magnetism. 

The  case  is  similar  to  that  of  an  electric  circuit  containing  a 
polarizing  electrolyte.  It  might  be  more  simple  to  ignore  the 
counter  e.  m.  f.  of  polarization  and  to  regard  the  resulting  dim- 
inution of  current  as  the  result  of  an  extra  resistance  whose  value 
might  be  tabulated  or  possibly  even  reduced  to  simple  laws.  So 
again  in  alternate  current  circuits  it  is  often  more  convenient  to 
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speak  of  a  resistance  coil  with  inductance,  as  possessing  an  impe- 
dance greater  than  its  ohraic  resistance,  and  to  determine  the 
flow  of  current  on  the  basis  of  impedance  calculated  to  the  orig- 
inal E.  M.  F.  whereas  the  direct  and  fundamental  method  would 
be  to  keep  the  resistance  at  its  true  value  and  determine  the  cur- 
rent by  allowing  for  the  counter  e.  m.  f.  of  inductance  in  quan- 
tity and  in  time. 

Retaining  then  the  latter  analogy,  we  may  say  that  flow  in  an 
electric  circuit  is  subject  to  Ohm's  law  simply ;  when  the  e  m.  f. 
is  constant,  but  when  the  effective  e  m.  f.  varies  periodically,  the 
resistance  has  to  be  increased  by  a  definite  amount  depending  on 
the  inductance  and  the  manner  of  fluctuation  in  order  to  obtain 
the  correct  effective  current  under  those  conditions.  Similarly 
that  the  flux  in  a  simple  magnetic  circuit  of  air  nr  vacuum  is  sub- 
ject to  Olyn's  law,  but  that  if  the  circuit  includes  a  magnetic 
metal,  the  reluctance  in  the  formula  has  to  be  changed  in  a  defi- 
nite way  depending  on  the  quality  of  the  metal  and  on  the  mng- 
netizing  force  in  order  to  »btain  the  corresponding  true  flux  density. 
The  change  in  reluctance  is  the  ideal  connection  of  a  shunt  me- 
tallic circuit  in  parallel  with  the  air  circuit,  and  the  reluctivity 
through  the  metal  is  nearly  a}—  b  H  for  values  of  H  below  the 
critical,  and  a-\-hIIiox  values  beyond,  with  a  little  uncertainty  in 
the  vicinity  of  the  critical  point  itself. 
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IRON 

Observations  of  Dr.  Stoletow  on  a  ring  of  soft  iron  published 
in  the  Philosophical  Magazine  for  1873,  No.  45,  p.  86. 
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Columns  I.  and  II.  are  taken  from  the  record,  Column  III.  is 
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ObBervations  by  Professor  Eowland  on  a  ring  of  Norway  Iron. 
Published  in  the  PhUoaophical  Magazine  for  1873,  No.  46,  page 
153,  Table  V. 
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Norway  Iron. 

Results  obtained  with  a  welded  ring  of  Norway  iron  under 
weak  magnetising  force?. 
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Observations  by  Professor  Ewii^  on  a  wire  of  annealed  piano- 
forte steel.  Published  in  the  E^ctrioian,  London,  April  25, 
1890. 


H 

r- 

B 

P 

9. 

1000  ■ 

9.0  X  10-^ 

18. 

2000 

6.5 

16. 

8000 

5.0 

17.5 

4000 

4.4 

19.6 

5000 

8.9 

21.5 

6000 

8.68 

25. 

7000 

8.57 

28. 

8000 

8.5 

88. 

9000 

3.66 

37. 

10000 

8.7 

45. 

11000 

4.1 

52. 

12000 

4.88 

66. 

18000 

6.1 

84. 

14000 

6.0 

T 

Digitized  by  VJ^i^V  IL 

506  KENNELL  T  ON  MA  GNETIG  BEL  UGTANCE,        [Oct    37. 


Glass  hard  steel  pianoforte  wire  same  date  of  publication. 


II 

B 

/^ 

14 

1000 

14.  X  10-' 

20 

2000 

10. 

25 

3000 

8.88 

80 

4000 

7.5 

85 

5000 

7.0 

41 

6000 

6.8 

46 

7000 

6.57 

52 

8000 

6.5 

61 

9000 

6.8 

69 

10000 

6.9 

79 

11000 

7.2 

88 

12000 

7.8 

Stub's  Steel  Wire. 

Observations  by  Professor  Rowland,  published  in  the  Philo- 
sophical Magazine  for  l»7e3. 


H 

B 

P 

0.210 

15.9 

18.17  xlO-» 

0.784 

67.8 

11.56 

1.862 

119.7 

11.88 

2.567 

244.8 

10.48 

8.41 

844.6 

9.90 

6.30 

627.8 

8.45 

12.89 

8870. 

8.828 

17.15 

5480. 

8.158 

84.32 

7777. 

8.126 

84.47 

10.080. 

8.418 

41.96 

11.180. 

8.768 

44.71 

11.500. 

8.893 

48.56 

11.940. 

4.065 

,  Digitized  by  LjOOQIC 


1S91.]  KENNELLT  ON  MAGNETIC  RELUCTANCE,  507 

]NICKEL. 

Cast  Nickel  Normal. 

Observations    by   Professor  Eowland,   as    published   in   the 
Philosophical  Magazine^  No.  40,  1873,  page  153,  Table  VI. 


695  0.0211 

819  0.01586 

1070  0.01175 

1815  0.006925 

2017  0.006281 
2068  0.0'>609 
2114  0.^05945 
2098  0.005999 

2018  0.006227 
1878  0.006689 
1663  0  007559 
1805  0.009684 
1257  0.010 

855  0.01506 

651  0.01981 

525  002392 


M 

H 

1.438 

1.801 

2.904 

8.650 

8.527 

4.482 

5.555 

6.937 

6.788 

8.524 

7.401 

93«a 

9.;573 

11.65 

11.78 

14.80 

18.48 

16.88 

16.58 

20.77 

21.02 

2'*.  42 

82.17 

40.48 

88  92 

42.68 

60.91 

76.54 

82.86 

108.5 

105  2 

182.2 

Columns  I.  and  III.  are  taken  from  the  record.     J/  represents 
and  I  stands  for  10  /i.     Columns  II.  and  IV.  are  obtained 


1.25()7 

from  these.     The  plot  of  the  values  of  H  and  p  so  obtained  are 

shown  in  curve  I. 

Cast  Nickel  at  15^C. 

Observations  published  by  Professor  Rowland,  PhUosojphical 
Magazine^  No.  48,  1874,  page  3'27. 


H 


1.284 

52.6 

2.685 

80.8 

4.514 

165.1 

5.612 

198.5 

7.078 

217.8 

7.752 

220.6 

9  076 

222  8 

11.54 

218.2 

18.94 

204.7 

17.29      . 

187.8 

19  58 

177  8 

22.95 

162.8 

27.59 

148.1 

41.62 

111.9 

72.70 

72.5 

104.2 

68.4 

19.0    xlO-» 
12.88 

6.056 

5.088 

4.591 

4.588 

4.50 

4.588 

4.886 

6.826 

5.640 

6.148 

6.752 

8.987 
18.97 
18.78 


Columns  I.  and  II.  are  taken  from  the  record.     The  plot  erf 
columns  III.  and  I.  is  shown  in  curve  II.  uigtizedbyv3i^v7gie 


Mie  KBNNELL  7  ON  MA  ONETIC  BEL  UCTANOE,        [Oct.  »7, 

Cast  Nickel  at  12^C. 

Observations  by  Professor  Rowland,  published  in  the  Phil'O- 
mphioaL  Magazine^  for  1874,  No.  48,  Table  II,  page  328. 


2.825  58.55  18.67  xia 

4.769  168.8  6.124 

6.778  108.3  5.048 

7.348  218.5  4.677 

8.828  224.8  4.458 

10.78  219.2  4.562 

15.88  196.1  5.10 

20.68  174.0  5.747 

29.64  189.4  7.174 

42.18  110.8  9.061 


Columns  I.  and  II.  are  taken  from  the  record.  Column  III.  i& 
calculated  from  II.  The  plot  of  columns  I.  and  III.  is  shown 
in  curve  IF.  in  black  circles. 

Cast  Nickel  at  220^C. 

Observations  by  Professor  Rowland,  in  continuation  of  above 
Table  III,  page  328. 


H 

Z' 

i* 

2.26 

199.2 

5.02  X  10-' 

4.506 

810.8 

8.218 

5.296 

814.6 

3  178 

6.742 

801.1 

8.821 

8.069 

279.8 

8.580 

10.64 

248.8 

4.027 

15.08 

208.8 

4.907 

19.10 

175.6 

5.695 

29.48 

129.9 

7.698 

55.86 

77.0 

12.99 

78.98 

65.6 

17.92 

1.80 

118.2 

8.46 

2.287 

190.5 

5.25 

2.516 

212.2 

4.718 

8.819 

285.8 

8.50 

4.«28 

818.6 

8.19 

Columns  I.  and  II. 

from  the  record. 

III.  calculated.  The  plot 

of  I.  and  III.  is  shown  in  curve  III. 

.  Digitized  byCjOOQlC 


1891.]  KENNELLT  ON  MAQNETIO  RELUCTANCE,  509 


Obeervationfi  by  Professor  Ewing,  as  published  in  the  EUotri- 
Giwa^  Lon.,  May  16th,  1890;  vol.  25,  page  31.  Since  these 
obserrations  are  shown  in  the  form  of  curves  without  the  or- 
iginal numerical  data  the  following  fifteen  tables  are  based  on 
measurements  upon  the  published  curves.  B  and  /i  are  thus ' 
measured  H.  B — H  and  p  calculated. 

Annealed  Niokel  Bod.     Normal. 
B  PL  H  BE  p 

xlO-» 


0 

40 

100 

50 

2. 

98 

20.4 

420 

100 

4.2 

416 

10.1 

780 

160 

4.8 

715 

6.712 

1100 

200 

5.5 

1095 

5.028 

1500 

225 

6.667 

1498 

4.465 

2080 

200 

10.4 

2070 

5.025 

2500 

150 

16.66 

2488 

6.708 

2900 

100 

29.6 

2980 

10.1 

8500  70  50.  3450  14.5 

8920  50      78.4  8842  20.4 

4500  82  146.  4&54  88.58 

5000  22  227.  4773  47.56' 


Same  annealed 

rod  under  stress  of 
120               4.167 

3.6  kgs. 

per  sq.  mm. 

500 

496 

8.40 

700 

150 

4.61 

695 

6.684 

1000 

195 

5.128 

995 

6.158 

1450 

250 

5.80 

1445 

4.018 

2000 

275 

7.272 

1998 

8.648 

t                  2600 

255 

9.802 

2490 

8.987 

^                  2870 

200 

14.85 

2856 

5.026 

3                  8000 

180 

16.67 

2988 

6.587 

8500 

116 

80.48 

8470 

8.770 

4000 

72 

55.56 

8944 

14.09 

4500 

48 

98.74 

4406 

21.28 

5000 

27 

185.2 

4815 

88.46 

Digitized  by  LjOOQIC 


610  KENNELLT  ON  MAGNETIC  RELUCTANCE,        [Oct.  27. 


Same  annealed  rod  under  stress  of  6.8  kg.  per  sq.  mm. 


> 


400 

120 

8.838 

896.7 

8.404 

500 

140 

8.57 

496.4 

7.192 

750 

175 

4.29 

745.7 

4.752 

1000 

220 

4.55 

995.5 

4.671 

1200 

250 

4.8 

1195.2 

4.016 

1500 

292 

5.14 

1495. 

8.488 

2000 

888 

6.0 

1994. 

8.008 

2300 

341 

6  67 

2298. 

2.908 

2500 

840 

7.35 

2493. 

2.948 

2750 

835 

8.21 

2742. 

2.994 

3000 

310 

9.68 

2990. 

8.288 

8500 

240 

14.58 

8486. 

4.182 

4000 

140 

28.6 

8970. 

7.2 

4250 

100 

42.5 

4207. 

10.1 

4500 

77 

58.4 

4442. 

18.15 

5000      42      119.1       4881.        24.40 

Rod  of  Un annealed  Nickel  Normal. 
ElectnrUnai}.  I^ndon,  Oct.  Slst,  1890,  vol.  25,  p.  782. 


H. 

/ 

4;r/ 

1' 

16.7 

67 

842 

19.84  X  10-» 

20 

96 

1206 

16.68 

27.5 

150 

1885 

14.59 

80 

165 

2073 

14.47 

86 

200 

2518 

14.88 

40 

215 

2702 

14.81 

50 

250 

8142 

16.92 

K 

60 

270 

8393 

17.68 

> 

70 

292 

8670 

19.08 

> 

74 

800 

8770 

19.68 

9 

80 

810 

8896 

30.54 

90 

823 

4059 

22.18 

100 

840 

4278 

28.40 

110 

854 

444S 

24.78 

120 

865 

4587 

2616 

180 

876 

4725 

27.61 

140 

888 

4876 

28.71 

150 

400 

6026 

29.85 

Digitized  by  LjOOQIC 


1891.]  KENNSLLY  ON  MAGNETIC  RELUCTANCE.  511 


Same  rod  under  stress  of  1.9  kgms.  per  sq.  mm. 


o 


13.2 

i>u 

628.4 

21.0 

16.7 

100 

1257 

13.28 

22.2 

150 

1885 

11.78 

'• 

29.6 

2"0 

2518 

11.78 

40 

250 

8142 

12.73 

58 

800 

8770 

15.39 

70 

822 

4047 

17.80 

80 

838 

4248 

18.83 

90 

851 

4411 

20.41 

100 

862 

4549 

21.98 

110 

872 

4675 

23.58 

120 

881 

4787 

26.07 

130 

890 

4901 

26.52 

140 

400 

5026 

27.85 

Same  rod  under  stress  of  3.5  kg.  per  sq.  mm. 


11 

I 

47r7 

f 

10 

28 

8518 

28.43  X  10-» 

118 

50 

628.4 

18.77 

14.5 

100 

1257 

11.62 

18.2 

150 

1885 

9.655 

20 

165 

2078 

9.644 

24 

200 

2513 

9.55 

30 

245 

8079 

9.742 

40 

290 

3644 

10.98 

d 

50 

317 

8984 

12  55 

£ 

60 

3:]8 

4248 

14.12 

70 

852 

4423 

15.83 

o 

80 

361 

4537 

17.61 

90 

871 

4663 

19.31 

100 

8S0 

4775 

20.94 

110 

890 

4001 

22.44 

120 

400 

5026 

23.88 

130 

407 

5114 

25.42 

140 

411 

5165 

27.10 

160 

416 

5228 

28.69 

Digitized  by  LjOOQIC 


512  KBNNBLL T  ON  MAGNETIC  RBL UCTAJHOE.        [Oct.  27. 

Same  rod  under  stress  of  6.8  kg.  per  sq.  mm. 


>^ 


9 


10 

55 

691.2 

14.47 

13.6 

100 

1257 

9.944 

14.4 

150 

1885 

7.688 

16.6 

200 

2518 

6.606 

20 

240 

8016 

6.681 

27 

800 

8770 

7.160 

39 

850 

4898 

8.866 

50 

872 

4675 

10.7 

60 

888 

4876 

12.81 

70 

898 

5002 

14.0 

80 

402 

5052 

15.84 

90 

406 

5102 

17.64 

100 

410 

5152 

19.41 

110 

412 

5178 

21.23 

120 

419 

5266 

22.79 

180 

422 

5808 

24.51 

140 

426 

5854 

26.14 

150 

480 

5404 

27.75 

160 

432 

5429 

29  47 

Same  rod  under  Btrese  of  10  kg.  per  sq.  mm. 


8 

10 

12 

13.6 

15.2 

18 

20 

25 

30 

s 

40 
45 

8 

50 
60 
70 

80 

90 

100 

110 

120 

180 

140 

150 

160 

1 

4;ry 

/' 

50 

628.4 

12.73  X  10-» 

100 

1257 

7.956 

150 

1885 

6.866 

200 

2513 

5.412 

250 

3142 

4.838 

800 

8770 

4.775 

816 

8972 

5.035 

850 

4398 

5.685 

870 

4650 

6.452 

892 

4926 

8.122 

400 

5026 

8.952 

404 

5077 

9.848 

410 

5152 

11.65 

412 

5178 

13.52 

418 

5258 

15.23 

420 

5278 

17.06 

422 

5803 

18.86 

425 

5341 

20.59 

430 

5404 

22.21 

484 

5454 

23.88 

438 

5804 

25.48 

440 

6530 

27.18 

442 

5555 

Digitized  by  LjOOQIC 

1891.]  KENNELL T  ON  MAGNETIC  BEL  UCTANCE.  618 

Same  rod  under* stress  of  13.3  kg.  per  sq.  mm. 


X 


9 

118 

1488 

10 

147 

1847 

11.2 

200 

2518 

12.8 

250 

8142 

14 

800 

8770 

16.5 

860 

4898 

20 

878 

4687 

25 

400 

5026 

80 

410 

5152 

40 

420 

5278 

50 

422 

5803 

60 

427 

5366 

70 

430 

5404 

80 

432 

5429 

90 

435 

5466 

!00 

440 

5530 

no 

441 

5542 

120 

443 

5667 

130 

446 

5606 

140 

448 

5630 

160 

450 

6655 

6.07 
6.414 
4.456 
4.078 
8.718 
8.752 
4.266 
4.974 
5.822 
7.58 
9.426 
t  60  427  5366  11.18 

5  70  430  5404  12.96 

14.74 
16.47 
18.08 
19.84 
21  55 
23.19 
24.87 
26.58 


Same  rod  under  stress  of  19.8  kg.  per  eq.  mm. 


M 


6.2  60 

7.0  100 

8.0  160 

8.6  200 

9.6  250 

10  275 

^        10.4  300 

t  11.6  850 

5        18.6  400 

20   •  440 

80  447 

40  449 

60  460         5655         8.840 

For  all  further  values  of  //,  /  constant  at  450 

100  450  6665  17.69 


4;r/ 

P 

628 

9.871  X 10-* 

1267 

5.568 

1885 

4.244 

2514 

3421 

3142 

3.055 

3456 

2.894 

8770 

2.758 

4898 

2.64 

5027 

2.685 

5530 

8.616 

6618 

6.340 

6642 

7.088 

Digitized  by  LjOOQIC 


514  KENNELL  T  ON  MA  GNETIC  REL  UCTANCE.        [Oct.  27. 


COBALT. 

Observations  by  Professor  Rowland  on  ring  of  Cast  Cobalt  a*i 
published  in  the  PMlosophix^al  Magazine  for  1874,  No.  48,  Ta- 
ble IV,  page  332. 


o 


1 

11 

t^ 

V 

4.983 

87.24 

11.46  xl0-» 

5.883 

95.84 

10.49 

7.647 

109.95 

9.095 

9.315 

124.8 

8.013 

11.3 

132.7 

7.536 

12.93 

1349 

7.413 

15.94 

140 

7.14J 

18.90 

141.6 

7.(162 

21.96 

139.3 

7.179 

26.47 

134.2 

7.452 

35.11 

123.7 

8.084 

40.0 

116.6 

8.576 

55.21 

1('0.4 

9.96 

78.21 

86.6 

11  55 

99.98 

71.8 

13  93 

147.1 

54.9 

18.21 

(^ast  (\»:>alt  Ring  at  230  a  Table  VI,  ])age  3:J3. 


II 

1.334 
2.567 
3.8.=)5 
5.556 
7.516 
d  10,14 

t  13.27 

P  17.29 

^  28.18 

39.:^6 
70.29 
98.93 
128.2 


/^ 

V 

101.8 

9.82  X  10- » 

113.6 

8.803 

128.2 

•;  8 

169.1 

5.914 

210.2 

4.757 

235.9 

4  239 

235.5 

4.246 

240.2 

4.541 

186.4 

6.365 

161.2 

6.203 

117.0 

8.547 

96.63 

10.35 

82.87 

12.07 

Digitized  by  LjOOQIC 


1891.] 


KEN  NELLY  ON  MAGNETIC  RELUCTANCE. 


615 


Observations  of  Professor  Ewiiig  on  a  rod  of  Cast  Cobalt, 
published  in  the  Electrician^  London,  May  16th,  1890,   vol.   25, 
age  31.     The  results  appear  in  a  curve  from  which  the  follow- 


lo 


owing  measurements  have  been  made. 


B 

/^ 

n 

B—II 

r 

750 

115 

6.P2 

74.3 

8.776  X  10-» 

1500 

150 

10. 

1490 

6.71 

2500 

180 

13.89 

2486 

5.586 

3000 

190 

15.79 

2984 

6.292 

4000 

195 

20.51 

3980 

5.152 

^ 

6000 

192 

26.04 

4i>74 

5.235 

0/ 

6000 

187 

32.09 

5968 

6.875 

3 

7000 

161 

43.48 

6956 

6.261 

c 

7500 

151 

49.67 

7450 

6.668 

8000 

140 

57.15 

7948 

7.194 

9000 

115 

78.26 

8922 

8.772 

10000 

92 

108.7 

9891 

10.99 

10600 

80 

132.5 

10467 

12.66 

Same  rod  under  stress  of  10.2  kg.  per  6([.  mm. 


750 

155 

4.84 

746 

6.495 

1600 

200 

7.50 

1492 

6.03 

2500 

240 

10.42 

2490 

4.19 

2800 

250 

11.2 

2789 

4.02 

3700 

260 

14.23 

8686 

3.86 

> 

4800 

250 

19.2 

4780 

4.02 

i. 

5000 

242 

20.66 

4979 

4.16 

l^ 

6850 

200 

31.75 

6318 

6.02 

>^ 

7600 

160 

46.88 

7463 

6.29 

9260 

100 

92.5 

9167 

10.1 

10000 

77 

129.9 

9870 

iai6 

10750 

60 

179.16 

10670 

16.96 

10460 

66 

160.7 

10290 

16.6 

Digitized  by  LjOOQIC 
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KENNELLY  0:N  MAGNETIC  RELUCTANCE.  [Oct  27, 


Iron  in  Powerful  Magnetic  Fields. 

Observations  by  Ewing   &    Low,   published  in  the   London 
Electrician,  July  ii5th  and  Aug.         1890. 


Swedish  Wrought  Iron. 


// 

I 

/^ 

B 

^-// 

p  (metallic  ) 

6.690 

1700 

4.18 

27,960 

21.270 

0.814 

8,900 

1660 

3.84 

29.730 

20,830 

0.427 

9.510 

1700 

8.24 

30.820 

21.310 

0.446 

10,000 

1690 

8.12 

31.210 

21.210 

0.472 

10.860 

1700 

3.05 

31,630 

21,270 

0.488 

10,810 

1670 

2.94 

31,720 

20.910 

0.515 

10,880 

1690 

3.95 

81,060 

21,180 

0.513 

11,200 

1690 

2.90 

32.360 

21,160 

0.526 

LowMooR  Wrought  Iron. 


n 

/ 

/^ 

B 

B^H 

p  (metallic.) 

3,630 

1680 

6.80 

24,700 

21,070 

0.1724 

6,680 

1670 

4.13 

27,610 

20,980 

0.3195 

7,800 

1680 

8.70 

28.870 

21.070 

0.370 

8.810 

1630 

3.33 

29,350 

20,540 

0.429 

9,500 

1650 

8.18 

30,200 

20.700 

0.459 

9,780 

1660 

8.14 

30.680 

20,900 

0.467 

10,360 

1680 

2.98 

30,830 

20,470 

0.505 

10,840 

1680 

2.89 

31.370 

20.68ft 

0.529 

11,180 

1620 

2.82 

81,560 

20,380 

0.649 

Cast  Iron. 

II 

/ 

Z' 
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Discussion.* 

The  Chairmax  :— Gentleinen,  you  have  all  heard  and  most  of 
us  have  also  read  this  very  interesting  paper.  The  valuable 
character  of  the  paper  has,  I  am  sure,  been  enhanced  in  the 
minds  of  most  of  us  by  the  fact  that  the  author  was  able  to  be 
present  and  himself  read  it  to  us. 

Before  calling  upon  the  Institute  for  discussion,  I  would  like 
to  ask  Mr.  Kennelly  if  it  is  not  true  that  upon  page  490  the  word 
"  e\cj])ting,"  in  tlie  second  paragraph,  should  liave  l>een  "  ac- 
cepting? " 

Mr.  Kennelly  : — I  think,  sir,  the  intent  of  that  paragraph  is 
to  show  that  only  the  formulae  of  Frolich  and  Lamont  have  been 
regarded  as  at  all  satisfactory. 

The  Chaikman: — (Tcntlemen,  the  paper  is  before  you  for  dis- 
cussion. 

Mr.  CARLllERixd  : — The  paper  is  exceedingly  interesting  and 
leaves  little  to  be  discussed,  but  there  are  one  or  two  points  I 
would  like  to  speak  about.  It  is  a  great  satisfaction  to  see  from 
this  interesting  paper  that  there  is  after  all  a  straight  line  law  in 
magnetic  phenomena  and  that  it  is  so  for  just  that  range  of  val- 
ues which  is  used  most  in  practice. 

I  think  it  would  have  been  clearer  to  many  renders  if  Mr.  Ken- 
nelly had  added  that  the  reluctivity,  /^  which  he  uses,  is  the 
reciprocal  of  //.  This  is  inferred  in  the  paper,  but  as  we  are  usu- 
ally more  familiar  with  n  than  with  (t^  I  think  it  would  have  been 
clearer,  to  some  of  us  at  least,  if  that  had  been  stated. 

In  referring  to  his  curve.  Fig.  4,  he  says,  "  The  reluctivity  of 
iron  appears  from  these  curves  to  commence  at  a  certain  dejinit- 
and  moderately  large  value."  It  seems  to  me  it  is  a  very  indefi- 
nite value  because  according  to  the  other  curves  it  is  the  recipro- 
cal of  zero.  That  is  to  say,  theoretically,  this  curve  would  start 
at  infinity,  and  therefore  it  follows  that  the  ])ractical  initial  value 
would  be  a  rather  indefinite  value.  I  am  not  sure  whether  I  am 
right  in  that,  if  I  am  wrong,  I  hope  Mr.  Kennelly  will  correct 
me.  It  certainly  does  not  seem  to  be  a  very  definite  value,  be- 
cause curve  (Fig.  4)  is  the  reciprocal  of  the  curve  shown  in  Fig. 
2,  which  appears  to  start  from  or  near  zero.  If  this  initial  value 
is  a  definite  one  whv  is  it  not  given  in  any  of  the  Figs.  5,  ^,  7 
and  8  if 

Fig.  3  is  not  (juite  correct  at  the  end  of  the  curve,  and  is  a 
little  misleading  on  that  account.  The  curve  comes  down  as  if 
it  was  going  to  cut  the  x  line  just  beyond  the  figure ;  but  that  is 
not  the  case  as  there  is  a  point  of  infection  there,  shown  by  the 
two  last  plotted  values.  If  it  were  to  cut  that  line  it  would  have 
values  here,  of  a  negative  conductivity  or  a  source  of  magnetism, 
which,  of  course,  is  absurd.  If  the  values  had  l)een  carried  out 
farther,  the  line  would  tend  to  become  tangent,  I  think,  to  a  hori- 

1.  By  Messrs.  HeriDg,  Brown,  Bell,  Steinmetz,  Pupin,  ^j^f^^Qpclj^^mqi^. 
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zoDtal  line  a  little  above  the  x  line.  It  is  a  little  misleading  and 
puzzling  to  any  otie  to  whom  a  curve  expresses  a  law,  to  see  this 
line  start  so  definitely  toward  the  x  line  as  if  it  were  going  to  get 
there. 

Referring  to  Fig.  10,  which  gives  Mr.  Ken  nelly's  interesting 
straight  line,  if  I  understand  that  the  values  of  y  are  given  in 
such  units  that  the  unit  1  near  the  top,  represents  the  reluctivity 
of  air,  which  I  suppose  is  what  was  meant,  it  seems  to  me  this 
line  cannot  continue  to  be  straight.  It  would  seem  that  it  must 
tend  to  become  tangent  to  the  unity  line  ;  that  it  must  curve  off 
and  never  get  above  that  line,  for  if  it  got  above  that  line  we 
would  have  a  peculiar  condition  here,  because,  for  such  values  of 
^it  would  follow  that  if  you  took  the  iron  out  of  the  field,  the 
remaining  field  in  the  air  would  be  stronger  than  when  the  iron 
was  there.  In  other  words,  if  you  generate  a  field  of  that 
strength  with  some  iron  in  it,  and  then  take  the  iron  away,  the 
field  will  be  stronger  than  it  was  before.  I  did  not  have  time  to 
study  the  paper,  I  merely  read  it  over  very  hurriedly,  and  if  I 
am  wrong  in  this  I  hope  Mr.  Kennelly  will  correct  me. 

I  think  it  would  have  added  to  the  interest  a  little  to  have 
marked  on  these  curves  the  values  at  which  iron  was  usually 
used  in  practice,  so  as  to  give  us  an  idea  of  what  parts  of  the 
curves  are  most  important.  In  Figs.  1  and  3  it  corresponds 
to  values  in  the  neighborhood  of  15,00o ;  in  Fiffs.  2  and  4  to  values 
of  J[=  10.  In  Fig.  2  it  is  about  there^  [indicating],  and  it  is 
a  somewhat  curious  condition  shown  here  that  we  use  iron  where 
it  has  an  apparent  conductivity  much  lower  than  its  maximum — 
about  ^  of  its  maximum  apparent  conductivity. 

It  might  also  have  been  interesting  to  have  added  to  these 
curves  the  corresponding  curve  for  air,  m  order  to  show  the  re- 
lation between  them.  In  Fig.  1  the  curve  for  air  would  be  a 
straight  line  very  close  to  the  x  line,  making  a  very  small  angle 
with  it.  In  Fig.  2  the  line  for  air  is  a  horizontal  line  parallel 
to  the  X  line,  and  I  think  it  is  the  line  which  this  curve  ap- 
proaches as  an  asymptote.  In  Hg.  3  the  line  is  also  a  horizontal 
line  very  near  the  x  line.  In  Fig.  4,  it  is  also  a  horizontal  line, 
but  its  location,  according  to  the  scales  used,  would  be  very  far 
above  this  diagram. 

Near  the  end  of  his  paper,  Mr.  Kennelly  refers  to  an  analogy 
with  an  electric  circuit  containing  an  electrolyte.  That  analogy 
appears  to  me  to  be  a  very  interesting  one,  and  I  think  deserves 
a  little  more  attention.  It  may  perhaps  assist  in  understanding 
some  of  the  phenomena.  If,  for  instance,  we  take  two  platinum 
plates  in  dilute  sulphuric  acid  and  subject  them  to  a  difference  of 
potential,  beginning  at  zero  and  gradually  increasing,  plotting 
the  value  of  the  e.  m.  f.  as  x,  and  those  of  the  current  as  y,  we 
will  get  a  curve  very  similar  to  Fig.  1.  It  will  differ  slightly  at 
the  origin ;  it  will  be  a  little  steeper  in  the  ascent,  and  a  little 
sharper  at  the  bend.     In  this  analogy  the  e.  M.ui^rti^oi'f^^ondiLto 
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ffi  the  current  corresponds  to  B ;  the  apparent  resistance  corre- 
sponds to  py  and  the  apparent  conductivity  to  //.  Carrying  out 
this  analogy  here,  we  will  find  that  the  liquid  will  give  curves 
almost  exactlv  like  those  in  Figs.  1,  2,  3  and  4.  The  curve 
approaches  a  horizontal  line  as  an  asymptote  just  as  the  curve  in 
rig.  2  does.  It  starts  like  that  in  Fig.  2,  has  a  maximum  near 
the  Y  line,  and  comes  down  in  the  form  of  a  hyperbola.  If  this 
curve  is  worked  out  you  will  find  it  to  be  almost  exactly  like 
those  shown  in  Figs.  1,  2  and  3.  It  will  also  be  found  to  be  very 
similar  to  that  in  Fig.  4,  only  that  the  line  will  not  be  straight. 
I  did  not  have  any  definite  values  from  which  to  work  out  the 
curves  of  this  analogy,  but  assuming  the  first  curve  to  be  some- 
thing like  the  one  shown  in  Fig.  1,  which  will  undoubtedly  be 
the  case,  I  worked  out  all  the  others,  and  found  they  agreed  very 
nearly  with  the  magnetic  curves.     [Applause.] 

Mr  J.  Stanford  Brown: — Mr.  Kennelly  has  spoken  of  the 
term  ''magnetic  resistance''  on  page  489,  and  of  certain  objections 
which  have  been  made  to  that  term.  Authorities  differ  somewhat 
on  the  definition  of  reluctance  and  it  might  be  well  to  call  atten- 
tion to  it.  In  other  words,  according  to  some,  it  is  the  ratio  of 
magneto-motive  force  to  the  total  magnetic  flux.  According 
to  others  it  is  the  ratio  of  magneto-motive  force  to  the  flux 
density.  I  believe  the  first  definition  is  due  to  Hospitaller  in 
the  beginning,  and  is  followed  by  Prof.  Fleming  in  his  "  Alternate 
Current  Transformer ; "  while  the  latter  has  been  followed  by 
Bosanquet  and  others.  If  such  is  the  case,  it  might  be  well  for 
us  to  decide  here,,  which  is  the  best,  and  have  the  Institute 
adopt  one  or  the  other  as  the  authoritative  definition.  It  might 
give  us  a  practical  idea  of  it  in  another  form  to  remem- 
ber that  in  making  use  of  this  relationship  in  motor  work,  or  dy- 
namo work,  we  are  dealing  with  ampere  turns  and  the  force 
lines ^^/»  unit  area. 

Another  point  of  interest  is  on  page  4S6  or  487,  where  the  mathe- 
matical quantity  4  ;:  is  introduced.  Mr.  Kennelly  draws  atten- 
tion to  the  fact  that  it  comes  in  where  we  are  dealing  with  a 
surface  containing  a  single  unit  value,  whether  that  surface  is  a 
sphere  or  any  enveloping  surface.  In  one  of  the  recent  papers 
by  Mr.  Heaviside  that  factor  4  ;:  is  spoken  of,  and  he  shows 
there  that  it  does  not  of  necessity  enter  as  a  physical  quantitv 
into  the  laws  of  the  magnetic  circuit.  It  has  no  physical  signiii- 
cance,  only  a  mathematical  one,  and  that  fact  has  always  been  a 
stumbling  block  to  students.  I  do  not  know  that  I  make  myself 
clear  about  it,  but  probably  others  will  bring  the  fact  out  more 
fully. 

Dr.  Loris  Bell  : — With  reference  to  the  curves  Figs.  2  and  3 
in  the  paper  just  read,  I  may  be  able  to  give  a  word  of  explana- 
tion. 

I  remember  seeing  Prof.  Rowland  use  the  curve,  Fig.  3,  as  a 
liorrible  example  of   the  danger  of    extrapol^ti|)n^|>^yf^^^^^ 
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experiments.  He  supposed  as  others  supposed,  at  the  time  his 
work  was  done  that  the  permeability  fell  down  to  zero,  that 
there  was  an  end  of  the  power  of  added  force  to  produce  effect ; 
that  permeability  rose  to  a  certaiii  point  and  then  dropping  and 
stopped  there ;  and  it  was  something  of  a  revelation  to  everybody 
when  the  investigations  of  Ewing  showed  that  the  curve  became 
any  mp  to  tic.  I  had  the  pleasure  of  hearing  Prof.  Ewing  read  one 
of  the  classical  papers  on  the  subject  at  Manchester  some  three 
years  ago,  and  it  was  generally  remarked  as  surprising  that  the 
curve  did  become  completely  asymptotic.  The  interpretation  to 
\ye  put  then  on  that  particular  diagram  is  that  a  man  has  no 
business  to  continue  the  deduced  curve  beyond  the  point  where 
his  experiments  stop,  unless  he  knows  what  is  going  to  happen, 
which  he  seldom  or  never  does. 

Mr.  Chas.  p.  Steinmetz  : — I  cannot  agree  with  the  opinion 
expressed  here,  that  the  curve  of  magnetic  reluctance  does  not 
start  from  a  definite  value,  but  begins  at  an  infinite  value.  On 
the  contrary,  I  entirely  agree  with  Mr.  Kennelly  that  the  ini  al 
point  of  the  curve  of  magnetic  reluctance  always  must  have  a 
finite  value. 

For,  if  you  consider  the  curve  of  dependence  of  the  magnet- 
ism upon  the  magneto-motive  force,  the  curve  given  in  Mr.  Ken- 
nelly's  paper  as  Fig.  1.,  you  see  that  this  curve  starts  in  the 
zero  pomtwith  a  finite  angle,  different  from  zero,  and  different 
from  90^.  ^     . 

Now  the  magnetic  conductivity  is  the  tangens-f unction,  the 
magnetic  reluctivity  the  cotangens  function  of  this  angle,  and  the 
angle  being  different  from  zero  and  different  from  90°,  both 
functions  must  have  a  finite  value.  That  means :  magnetic  re- 
luctivity as  well  as  magnetic  conductivity  start  from  a  Jmite 
initial  value. 

And,  that  the  '^  magnetic  characteristic  "  curve.  Fig  1.  of  the 

f^aper  intersects  the  axis  of  abscissae  under  a  finite  angle  different 
rom  zero  and  from  90°,  is  evident,  and  proved  by  tlie  fact  that, 
if  you  send  an  alternating  current  around  this  magnetic  circuit,  no 
matter  how  much  you  decrease  this  current,  it  will  always  en- 
counter hjiiiite  amount  of  self-induction.  Now  self-induction  of 
the  alternating  electric  circuit  measures  the  conductivity  of  its 
magnetic  circuit,  and  therefrom  you  prove  that  this  conductivity 
in  the  zero  point,  and  thereby  also  its  inverse  value,  the  reluctiv- 
ity i&Jinite. 

I  am  very  much  pleased  to  see  that  Mr.  Kennelly  prefers  the 
term  "  magnetic  reluctance  "  to  the  term  "  magnetic  resistance," 
which  already  begins  to  be  used  rather  confusedly.  For  elec- 
tric resistance  is  one  thing,  and  magnetic  reluctance  is  another 
thing,  and  both  things  have  got  definite,  but  different  dimensions, 
and  so  we  have  no  right  whatever  to  call  them  both  by  the  same 
name,  if  we  do  not  want  to  cause  confusion.  It  would  even  be 
better  not  to  have  the  term  electrical  resistapg^^t^^^ilj^gvm 
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that  is  very  misleading.  It  was  introduced  at  a  time  when  elec- 
trical science  was  still  in  a  very  crude  state,  and  we  knew  noth- 
ing  about  the  dimensions  of  these  quantities,  and  so  it  came  that 
tl^e  term  '*  electric  resistance  "  was  introduced  for  that  quantity, 
which  determined  the  loss  of  energy  caused  by  an  electric  current 
in  the  same  way  as  in  mechanical  engineering  the  term  "  mechan- 
ical resistance  was  already  applied  to  that  force,  which  con- 
sumes in  every  mechanical  motion  a  part  of  the  energy,  by 
converting  it  into  heat.  But  now  we  have  the  mechmiicmri'esis' 
tcmcey  which  is  a  true  force,  of  the  dimensions  of  fcyrce^  while 
deci/ncresistariGe  is  of  the  dimension  of  velocity^  hence  quite  a 
different  thing  ;  and  if  we  introduce  mag^ietic  resistance  we  have 
another  resistance  again,  of  still  another  dimension,  a  reciprocal 
length,  and  so  we  have  the  same  name  for  three  different  quanti- 
ties, of  different  dimensions,  which  is  anything  but  commendable. 
There  is  besides  an  essential  difference  between  this  term  "  mag- 
netic reluctance  '*  and  the  two  other  resistances,  because  the  two 
other  resistances  are  quantities  which  really  determine  the  con- 
sumption of  energy  or  rather  the  conversion  of  energy  into  heat. 
But  the  magnetic  reluctance  does  not  convert  potential  energy 
into  caloric  energy.  Hence  if  we  want  to  use  the  term  magnetic 
resistance  at  all  we  would  more  appropriately  call  another  quan- 
tity with  this  name.  In  the  magnetic  circuit  a  certain  consump- 
tion of  energy  takes  place  too,  if  the  magnetism  reverses. 
Hysteresis  consumes  energy.  I  think  I  shall  be  able  at  one  of 
the  future  meetings  to  cominnnicate  to  the  Institute  a  number  of 
experimental  tests  carried  out  in  Mr.  EickemeyerV  factory  in  Yon- 
kers,  on  determinations  of  loss  of  energy  by  hysteresis,  and 
its  dependence  upon  the  intensity  of  magnetization.  These  results 
seem  to  point  to  the  fact  that  this  consumj)tion  of  energy  by 
hysteresis  can  be  expressed  analytically  by  one  coefficient,  and 
this  coefficient  would,  I  think  more  properly  be  called  magnetic 
resistance  than  any  other  quantity,  because  it  is  really  that  coeffi- 
cient which  determines  the  consumption  of  energy,  that  is  the 
conversion  of  magnetic  potential  energy  into  heat  ;  but  it  is  better 
to  avoid  the  name  ''magnetic  resistance  "  altogether. 

Another  point  I  wish  to  mention.  As  known,  elasticity  is  that 
physical  force  which  is  most  analagous  to  magnetism,  so  much,  that 
almost  every  phenomenon  of  elastic  forces  tinds  its  analogv  in  the 
magnetic  circuit.  This  analogy  goes  so  far  that,  if  Mr.  Ken- 
nelly  mentions  that  magnetism  is  able  to  store  up  in  a  given  vol- 
ume more  energy  than  any  other  force,  elasticity  even  beats  mag- 
netism :  A  twisted  steel  spring  contains  a  greater  amount  of 
stored  up  energy  than  a  highly  magnetized  piece  of  iron  or  a 
highly  magnetized  quantity  of  air.  To  mention  only  the  ana- 
logon  to  hysteresis  in  the  elasticity — when  a  steel  spring  is 
twisted  it  represents  a  certain  amount  of  ])()tential  energy,  like 
any  magnetic  circuit.  Now,  untwist  this  spring  and  it  gives 
back  energy,  like  a  magnetic  circuit,  demagnetized,  gives  energy 

^'  Digitized  by  VJ^^\^vRl 
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back.  But  if  you  twist  the  spring  and  let  it  untwist  itself,  a  cer- 
tain amount  of  energy  is  not  given  back.  Just  so,  if  you  mag- 
netize a  magnetic  circuit  by  tlie  expenditure  of  a  certain  amount 
of  energy,  which  is  converted  into  magnetic  potential,  and  de- 
magnetize it  again,  it  does  not  give  back  all  the  energy,  but  a 
certain  amount  of  energy  is  lost  by  molecular  friction,  by  hyster- 
esis. 

Yes,  this  analogy  goes  still  farther : 

By  twisting  or  untwisting  alternately  a  steel  spring,  a  certain 
amount  of  energy  in  each  elastic  cycle  is  converted  into  heat  by 
external  friction^  and  another  amount  by  molecular  friction. 

The  loss  of  energy  by  external  friction  per  elastic  cycle  is  pro- 
portional to  the  rapidity  wherewith  the  cycle  is  completed,  to  the 
"  frequency."  The  loss  by  molecular  friction  about  constant,  and 
independent  of  the  rapidity  of  elastic  changes. 

Now  in  the  magnetic  circuit  yon  have  the  same :  the  external 
friction  of  the  elastic  cycle — or  the  resistance  caused  by  the  work 
done  by  th3  spring — corresponds  in  the  magnetic  circuit  to  the 
induced  currents,  viz.,  eday-currents  set  up  by  the  alternating 
magnetism.  Both  are  proportional  to  the  frequency  of  the 
alternations,  and  depend  upon  outside  conditions. 

To  the  molecular  friction  of  the  elastic  cycle  corresponds  in  the 
magnetic  cycle  the  molecular  friction  of  hysteresis,  both  inde- 
pendent of  outside  conditions,  and  apparently  upon  the  fre- 
quency. I  need  not  to  go  farther  into  this  comparison,  for  I 
snail  have  to  dwell  upon  it  more  on  another  occasion. 

Mr.  Kennelly  says  thatairhasapparently  no  hysteresis,  and  this 
is  the  general  a88um]>tion,  too.  But  nevertheless,  in  the  light  of 
modern  science  we  must  say  that  even  air  has  a  certain  hyste- 
resis, a  time-hysteresis.  For  we  know  now,  that  the  magnetic 
stress  in  air  do'js  not  appear  in^^tantaneously  with  its  source ;  but 
we  know  that  magnetic  dissturbances  are  propagated  through  air 
with  a  iinite  velocity,  the  velocity  of  light.  Now,  if  you  examine 
the  phenomenon  more  particularly,  you  will  see,  that  then,  and 
only  then,  no  eneigy  would  be  dissipated  in  space,  if  the  magnetic 
disturbance  set  up  at  any  place,  were  propagated  through  the 
whole  space  instantaneously.  But  as  soon  as  the  propagation  of 
energy  through  space  consumes  a  finite  time,  no  matter  how 
small  this  time  be,  a  certain  loss  of  energy  must  necessarily  be 
connected  therewith,  and,  calling  the  retardation  of  the  magnetic 
disturbance  behind  the  magneto-motive  force,  hysteresis,wemust 
say:  even  air  has  hysteresis.     [Applause]. 

Mr.  Chas.  E.  Emkry  : — I  wish  to  thank  the  author  for  the 
very  valuable  information  and  suggestions  contained  in  the  pa- 
per, and  to  express  my  pleasure  with  the  very  scholarly  way  in 
which  the  subject  has  been  presented.  I  will  add  a  word  in  rela- 
tion to  the  expression  4n-,  which  has  been  discussed  by  one  of  the 
speakers.  In  investigating  the  formulse  for  the  construction  of 
motors  and  dynamos  it  becomes  quite  evident  tb,|it;z|fbyi^M>tbipfe 
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more  or  less  than  a  simple  arithmetical  coefficient  which,  in  this 
connection,  has  nothing  to  do  with  its  customary  significance  as  ex- 
pressing the  surface  of  a  sphere  of  unit  radius.  It  is  thought 
that  this  should  be  emphasized  by  writing  the  figures  instead  of 
the  symbol  or,  for  convenience  of  calculation,  substituting  a  sin- 
gle special  character,  for  instance  a,  for  it,  and  stating  its  numer- 
ical value.  The  artificial  conception  that  a  line  of  force  radiates 
from  a  unit  of  surface  of  a  sphere  of  unit  radius,  may  be  com- 
prehended so  far  as  the  unit  is  concerned,  but  has  not  the  slight- 
est applicability  in  practical  work.  The  conception  causes  great 
difficulty  in  the  minds  of  students,  and  to  it  may  be  very  well 
applied  the  language  used  on  the  second  page  of  Mr.  Kennelly's 
paper,  where  he  refers  to  ''the  remarkable  construction  of  purely 
artificial  frame-works  of  thought  void  of  all  attempt  at  reality, 
yet  capable  of  affording  useful  applications  and  exact  quantita- 
tive results,"  etc.  This  particular  language  refers  to  theories  in 
relation  to  magnetism,  but  the  books  contain  very  similar  expres- 
sions in  relation  to  4t.  It  should  be  borne  in  mind  that  the  criti- 
cism is  not  intended  to  apply  to  the  electrostatic  distribution  of 
potential  on  the  surface  of  a  sphere  or  other  solid,  for  in  such 
case  the  surface  of  the  sphere  is  one  of  the  elements  considered, 
whereas  "magneto-motive"  force,  as  it  is  called  by  the  Commit- 
tee on  Units,  has  no  necessary  relation  to  a  sphere  or  to  a  system 
of  lines  radiating  in  all  directions  from  a  common  centre.  The 
coefficient  used  in  connection  therewith,  which  has  l>een  called 
4n",  arises  from  the  same  causes  that  similar  coefficients  occur  in 
almost  all  other  formulae,  either  rational  or  empirical.  For  in- 
stance, in  the  rational  formula  for  the  square  of  the  velocity,  we 
have  in  English  units  the  coefficient  '2,g,  In  the  practical  applica- 
tion of  this  formula  certain  resistances  are  frequently  considered 
by  substituting  for  2g  an  empirical  coefficient  of  less  value. 
Some  such  coefficient  is  necessary  in  nearly  all  formulse.  In  the 
absolute  system  of  electrical  units  it  is  made  unity  and  therefore 
disappears,  but  in  many  of  the  practical  applications  of  such  units 
a  coefficient  of  different  value  than  unity  is  a  necessity.  For  in- 
stance, the  value  of  g  in  absolute  units  must  be  used  as  a  multi- 
plier when  the  absolute  units  of  force  and  mass  are  reduced  to 
weight.  The  multiplier  called  4-  in  the  formula  we  are  consider- 
ing 18  required  for  a  similar  reason. 

It  is  believed  that  the  coefficient  a  can  be  properly  called  the 
mechanical  equivalent  of  electromagnetic  lorce  and  thereby 
correspond  with  the  mechanical  equivalent  of  heat.  The  value 
of  the  volt-ampere  or  watt  is  necessarily  known  in  terms  of 
mechanical  worlc  by  definition,  and  is  a  multiple  of  the  product  of 
the  absolute  units  of  electromotive  force  and  current.  When, 
however,  it  is  desired  to  substitute  for  the  absolute  unit  of 
electromotive  force  in  such  product,  the  unit  velocity  of  a  con- 
ductor across  unit  field  in  a  unit  of  time,  a  coefficient  is  necessary 
to  reduce  this  modified  unit  of  work  to  the  customary  unit  of 
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work.  This  arithmetical  coefficient,  we  call  «,  and  its  value  has 
been  fixed  at  about  12.6  or  4-,  but  from  the  fact  that  a  certain 
multipleof  TT  must  be  combined  with 981,  the  acceleratrix  tf  gravity 
in  metric  measure,  it  seems  impossible  that  any  exact  multiple  of 
n  should  be  the  result,  and  it  is  believed  that  on  further  investiga- 
tion, the  value  will  be  modified  and  when  this  is  done  of  course  ir 
must  disappear,  but  the  proposed  constant,  a,  would  be  retained 
for  the  value  finally  determmed  upon. 

It  may  be  asked:  how  is  it  that  a  coefficient  merely  expressing 
an  arithmetical  relation  between  certain  quantities  lias  been 
referred  to  the  surface  of  a  sphere  i?  It  will  be  seen  that  is  in 
some  sense  an  imitation  of  the  remarkable  work  of  Weber  and 
Gauss  in  referring  the  intangible  phenomena  relative  to  elec- 
tricity to  tangible  measures  of  length,  mass  and  time.  The 
apparent  object  was  to  prevent  the  appearance  of  an  arithmetical 
coefficient  by  clothing  it  in  the  garb  of  a  direct  measurement 
relating  to  a  physical  object.  Sucii  a  mathematical  parable  could 
have  been  obtained  by  representing  one  line  of  force  by  one  of 
the  units  of  any  length  or  any  surface  which  contained  or  could 
be  made  to  contain  the  total  number  of  units  desired  ;  for  instance 
very  readily  the  ta,ngent  of  an  angle,  when,  if  the  angle  corres- 
ponding to  such  tangent  coincided  with  that  between  any  notable 
lines  of  reference  about  the  earth  or  in  the  heavens,  for  example, 
the  dip  of  the  magnetic  needle  or  the  inclination  of  the  earth's 
axis  or  equator  to  the  ecliptic,  the  physical  relation  would  have 
been  established.  In  this  particular  case,  however,  the  number 
of  units  which  it  was  desired  to  represent  by  a  tangible  well 
known  object  was  equal  to  or  could  be  called  the  number  of  units 
on  the  surface  of  a  sphere  of  unit  radius,  so  it  was  possible  to 
follow  the  reasoning  in  relation  to  the  distribution  of  potential 
and  represent  a  line  of  force  by  the  solid  angle  includea  by  unit 
area  on  the  surface  of  a  sphere  of  unit  radius,  and  as  there  were 
4;:  or  1 2.6  units  of  area  on  the  surface  of  such  a  sphere,  the  value 
of  the  coefficient  was  thus  artificially  fixed  at  4;r. 

The  objection  to  an  artificial  representation  of  this  kind  is  evi- 
dent. The  mind  is  filled  with  conceptions  which  incompletely 
represent  the  phenomena  and  consequently  proper  courses  of  ac- 
tion under  the  particular  circumstances  do  not  suggest  themselves 
as  readily  as  if  more  natural  and  customary  methods  were  em- 
ployed. It  is  not  so  much  the  use  of  ;r  as  it  is  the  artificial  atmos- 
phere which  4  -  brings.  The  ;:  by  itself  has  a  definite  arithme- 
tical value,  but  4  ;:  implies  a  conception  which  carries  the  mind 
into  the  clouds.  The  attempt  to  use  any  unusual  units  in  practi- 
cal work  has  also  much  the  same  effect.  The  mind  involuntarily 
grasps  and  suggests  relations  between  the  units  of  length  and 
capacity  which  are  customarily  employed  in  the  country  of  the 
investigator.  It  unnecessarily  cripples  his  capacity  and  occupies 
his  time  in  a  cataclysm  of  arithmetical  work  to  attempt  to  regu- 
larly use  one  set  of  units  when  accustomed  to  a^te^v  vJ'\9C^tc 
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stance,  without  deciding  that  metric  are  better  or  worse  than 
English  units,  it  is  safe  to  say  that  a  person  should  use  those  to 
which  lie  is  accustomed,  for  ordinary  lengths  and  weights  even  in 
electrical  work,  but  that  all  should  use  the  same  unit«  for  strictly 
electrical  nnantities.  This  may  appear  contradictory,  but  the  re- 
sult is  easily  accomplished  by  using  formulrtj  in  the  general  form 
employed  in  all  other  branches  qf  engineering,  or  of  the  kind  in 
which  an  arithmetical  co-efficient  precedes  tne  cliaracters  which 
represent  the  relations  to  be  considered.  Every  formula,  both 
rational  and  empirical,  takes  the  general  form  :  iMie  Quantity  de- 
sired equals  A  (an  arithmetical  co-etficient)  multiplied  by  a  func- 
tion of  a,  multiplied  bv  a  function  of  h.  multiplied  by  a  function 
of  e,  etc.  In  electrical  formiih^  the  functions  are  very  simple, 
many  of  them  being  represented  by  the  characters  themselves, 
but  even  in  suchformula*  the  initial  co-efficient  is  of  the  greatest 
value.  It  may  in  some  cases  bo  equal  to  unity,  bnt  the  character 
should  be  retained  for  reasons,  yet  to  be  stated  It  may  combine 
in  itself  all  the  arithmetical  relations  of  the  several  (juantities, 
and,  more  valuable  than  all  for  electrical  work,  it  may  show  the 
aritlmietical  relations  of  the  quantities  when  expressed  in  differ- 
ent units  ;  for  instance,  have  one  value  {A)  when  all  the  quanti- 
ties are  in  absolute  measure,  another  (-^1,)  when  all  are  in  English 
measure,  but  better  it  can  have  still  anotlier  valueC^g)  when  part 
of  the  quantities  are  expressed  in  ordinary  electrical  terms  refer- 
ring to  metrical  measure  and  the  remainder  in  English  measure. 
For  instance,  the  magnetic  field  may  be  stated  in  c  (j.  s.  lines  of 
force  in  the  same  formnhv  where  other  quantities  refer  t(»  English 
feet,  inches  or  pounds  and  yet  the  tor<]ue  be  brought  out  in 
pounds  acting  at  the  distance  of  a  foot  just  as  well  as  if  tl.e  result 
were  first  obtained  in  dynes  at  the  distance  of  a  centimetre  and 
then  a  process  of  arithmetic  gone  through  tc)  secure  the  final  re- 
sult. On  the  system  proposed,  the  arithmetical  work  is  all  done 
once  in  giving  the  constants  the  ])roper  value,  after  which  the 
application  of  the  formuhe  is  so  simple  that  it  may  be  trusted  to 
an  intelligent  office  boy. 

The  foundations  laid  by  the  distinguished  men  referred  to, 
when  establishing  the  absolute  units,  is  admirable,  but  the  artifi- 
cial framework  accompanying  the  same  is  too  apt  to  delude  men 
into  believing  that  such  a  system  secures  absolute  accuracy — in 
other  words,  is  absolute  in  the  complete  sense  of  the  word.  The 
fact  is,  there  is  nothing  absolute.  Nature  did  not  lay  out  her 
metes  and  bounds  so  that  thev  would  be  exact  aliquot  parts  or 
multiples  of  the  units  of  men.  I'he.  metre  was  supposed  by  some 
to  be  an  absolute  decimal  divisicm  of  the  earth's  (juadrant.  Now, 
it  is  well  known  that  it  is  not,  but  that  the  earth's  quadrant,  re- 
ferred to  in  metric  measure,  is  an  artificial  one  made  to  fit  the 
metre.  The  metre  is  nothing  more  or  less  than  the  distance  be- 
tween two  marks  on  gold  i)lugs  in  a  ))latinum  bar,  etc.,  and  might 
just  as  well  have  been  arranged  at  the  same  ^IJi'^^gJJ^^e^j^t^l^e^^l^o 
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marks  on  tlie  Englisli  bronze  bar  which  ftxes  the  length  of  the 
standard  yard.  Prof.  J.  Clerk  Maxwell,  in  discussing  the  sub- 
ject of  the  metre,  says  :  ''The  authorized  standard  is  therefore 
not  the  terrestrial  globe,  but  Borda's  platinum  rod  which  is  much 
more  likely  to  be  accurately  measured."'  It  must  not  be  thought 
that  the  use  of  absolute  measure  in  electrical  formulae  for  pro 
portioning  dynamos  and  motors  secure  absolute  accuracy.  There 
is  apparently  no  numerical  coefficient  at  the  beginning  of  such 
formute  which  can  be  modified  to  suit  the  conditions,  but  corre- 
sponding allowances  are  necessarily  made  at  another  stage  of  the 
calculation,  for  the  reason  that  the  number  of  magnetic  lines  of 
exciting  force  must  be  from  20  to  40  per  cent,  in  excess  of  the 
numl)er  that  are  utilized  across  the  armature,  so  although  the  f  or- 
mula>  are  absolute  in  form,  the  results  must  be  modified  as  in 
other  branches  of  engineering  by  a  factor  which  Towle,  the  engi- 
neer who  saved  the  ''  Great  Eastern,"  said  should  be  embodied  in 
every  formula.  lie  called  it  A',  and  after  giving  many  examples 
of  its  value  and  general  applicability,  used  to  explain  that  A' 
meant  common  sense.     [Laughter.] 

I'hese  criticisms  are  only  directed  to  the  artificial  and  unreal 
features  of  electrical  engineering,  and  it  is  believed  that  if  the 
same  were  eliminated,  the  mind  would  be  left  in  a  better  condi- 
tion to  grasp  the  important  problems  still  left  for  the  solution  of 
the  electrical  engineer.     [Applause.] 

Dr.  M.  I.  PrpiN  : — I  once  heard  a  lecture  by  a  very  famous 
specialist,  (Prof.  Winkler  of  the  Berlin  Polytechnic  school),  in 
bridge  building  and  railroad  building  in  general ;  it  was  a  lecture 
on  designing  bridges.  He  said,  if  you  want  to  be  sure  that  your 
bridge  will  not  break  down  under  the  load  for  which  it  is  de- 
signed make  it  three  times  as  strong  as  your  calculations  require. 
AV'ell,  as  a  rule  that  will  never  apply  "to  electrical  engineering. 
It  would  be  very  foolish  to  say  to  a  man,  If  you  want  a  one-horse 

Fewer  dynamo  make  it  bii?  enough  for  a  three  horse-power  load, 
n  the  very  nature  of  things  this  diiference  must  exist  In 
mechanical  engineering  they  do  their  testing  in  a  way  entirely 
different  from  that  in  which  the  coefficients  and  units  are  deter- 
HiiQed  in  electrical  engineering.  Electricity  is  nothing  if  not  an 
exact  science.  Mechanical  engineering  is  not  yet  a  perfectly 
exact  science.  Our  methods  of  testing  are  exceedingly  exact  and 
electrical  units  are  derived  by  very  exact  and  comparatively 
speaking  very  easy  means.  We  cannot  change  them.  Because 
a  certain  quantity  has  the  numerical  coefficient  4  r  we  cannot 
complain  of  that.  God  has  made  the  world  in  such  a  way  that 
4;r  multiplied  by  the  square  of  the  radius  equals  the  surface  of  the 
sphere,  and  that  is  the  reason  that  4/T  appears  in  our  formulae. 
That  is  to  say,  4;:  reminds  us  of  a  peculiar  property 
of  space. 

It  is  an  incommensurable  quantity,  and  that  is  another  bad 
thing  about  ;r,  and  yet  this  4;r  appears  all  the  L^|^Qg^  b^^U^l^^SJ^"?;^ 
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tnagnetism.  It  appears  on  account  of  our  definition  of  tlie  fun- 
damental units.  We  define  our  amperes  and  volts  and  ohms, 
by  defining  first  our  units  of  length,  of  time,  and  of  mass  which 
leads  then  to  our  definition  of  the  units  of  force  and  work  ;  we 
apply  then  Ampere's  fundamental  law  in  electro-magnetism  and 
Coulomb's  fundamental  law  in  magnetism,  and  Joule's  well- 
known  law  to  obtain  our  units  of  current,  electromotive  force, 
and  resistance.  Proceeding  in  this  way  we  finally  discover  that, 
because  God  made  space  in  such  a  way  that  4;:  times  the  square  of 
the  radius  is  equal  to  the  surface  of  a  sphere,  for  that  reason  only 
and  no  other  do  we  find  that  if  you  carry  a  unit  i>ole  once  around 
a  wire  through  wliich  a  current,  O,  circulates,  that  the  work  is  4.t  C; 
whether  you  ]»ass  around  in  a  circle  or  in  any  curve  what- 
ever, the  work  is  ecjual  to  4;r  0.  These  few  remarks  perhaps 
may  serve  to  point  out  why  the  4.t  comes  up.  It  is  simply 
due  to  our  units.  But  we  cannot  go  back  and  change  everything 
in  order  to  get  rid  of  this  4?:,  because  this  4;:  will  come  in  some- 
where else  anyhow. 

A  gentleman  remarked  with  reference  to  hysteresis — this  has 
nothing  to  do  with  Mr.  Kennel  ly's  paper,  but  still  I  think  I  will 
venture  to  comment  upon  it — a  gentleman  remarked  that  the 
magnetic  disturbance  needed  a  certain  time  to  pass  from  one 
place  to  another.  Hence  there  must  be  a  magnetic  hysteresis  in 
air.  I  do  not  think  this  proof  a  good  one  at  all.  Of  course,  we 
know  that  light  needs  a  certain  time  to  pass  from  the  sun  to  the 
earth,  and  yet  the  light  energy  is  not  converted  into  heat  until  it 
strikes  a  terrestrial  body,  which  it  would  be  if  its  finite  velocity 
through  ether  implied  something  like  a  hysteresis.  As  long  as 
the  light  energy  is  in  pure  ether  it  consists  of  what  the  Germans 
call  ''^  (jPonhu'U  Bewegungy  I  cannot  give  you  this  term  in  Eng- 
lish. It  means  a  motion  in  a  finite  portion  of  space,  such  that  it 
varies  from  point  to  point,  continuously,  according  to  some  defi- 
nite analytic  law.  Now,  the  motion  corresponding  to  heat  does 
not  follow  any  definite  analytical  law,  as  we  pass  irom  point  to 
point  in  the  body.  As  soon  as  a  motion  passes  from  the  motion 
of  the  first  kind  to  that  of  the  second  kind,  it  is  dissipated  into 
heat.  Now,  the  light  motion  is  an  analytical  motion,  if  I  may 
be  allowed  to  call  it  so,  as  long  as  it  is  in  the  ether.  That  is,  there 
is  not  a  particle  of  it  transformed  into  heat,  but  as  soon  as  it 
strikes  a  terrestrial  body,  then  a  part  is  turned  into  heat ;  but  still 
even  in  the  ether,  light  motion  is  propagated  with  finite  velocity. 
It  follows  that  although  there  may  be  no  dissipation  of  magnetic 
energy  into  heat  in  the  air,  still  magnetic  disturbances  would 
need  a  certain  time  to  pass  from  one  place  to  another.  I  believe, 
however,  that  some  experiments  have  proved  that  there  is  some 
slight  maffnetic  hysteresis  in  the  air,  but  I  am  not  sure  on  this 
point,  rlucker  (AViedemann,  Electr.  und  Magn.,  vol.  iii.,  page 
865)  proved  to  a  certain  extent  that  there  is  a  certain  magnetic 
hysteresis  in  gases.     I  think  that  Prof.  Tro\^4^^^J^5nj^d 
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College  has  tried  to  prove  or  has  proved   that  there  is  a  magnet- 
izing hysteresis  in  the  air. 

As  far  as  Mr.  Kennelly's  paper  is  concerned,  I  want  to  call 
attention  only  to  one  point,  and  that  is  on  page  49S,  where  he 
says:  ''Following  the  vein  theory,  the  polarization  of  the  iron 
is  then  complete,  arid  the  intensity  of  magnetization  or  magnetic 
matter  per  unit  cross-section  of  veins  finds  its  maximnm,  so  that 
while  the  total  flux  can  go  on  increasing  indefinitely,  it  can  only 
do  so  by  adding  to  the  permeating  field  flux,  the  vein  flux  having 
reached  its  full  limit."  This  is  a  sentence  which  is  not  perfectly 
clear  to  me  in  whatever  of  the  various  ways  mentioned  by  Mr. 
Kennelly  I  look  upon  it,  and  I  think  that  it  needs  an  explanation 
and  perhaps  a  fuller  discussion.  I  am  sure  Mr.  Kennelly  will 
kindly  oblige  by  telling  us  a  little  more  concerning  this  one 
point. 

Mr.  Emery  : — Mr.  Chairman.  I  am  very  much  obliged  to  the 
last  speaker  for  reiterating  his  standard  of  faith  in  regard  to  the 
absolute  derivation  of  4;:.  It  is  true,  as  he  says,  that  he  cannot 
help  the  fact  that  the  surface  of  a  sphere  is  4;:,  Imt  I  am  sincerely 
sorry  if  he  thinks  that  that  fact  has  anything  to  do  with  magneto- 
motive force,  I  understood  the  speaker  to  start  to  say,  tTiat  it 
was  an  accident  that  the  coefficient  e(jiialled  the  surface  of  a 
sphere,  and  am  sorry  that  he  corrected  himself.  In  this  connec- 
tion, we  will  call  attention  to  the  fact  that  it  has  been  clearly 
pointed  out  that  the  magnetic  result  of  the  passage  of  an  elec- 
trical current  through  a  conductor,  may  be  represented  by  what 
has  been  termed  its  mngnetic  shield,  or  the  surface  of  a  cylinder 
of  unit  radius  and  unit  altitude.  The  area  of  such  a  surface,  or  the 
length  of  one  turn  of  a  conductor  occui)yingit  is  2;:,  and  attention  has 
been  called  to  the  fact  that  this  must  be  multiplied  by  a  coefficient 
to  give  the  true  magnetic  attractive  or  repulsive  effect  in  the 
direction  of  the  conductor.  This  coefficient  happens  to  be  about 
2,  so  we  again  get  ^^t,  but  it  has  nothing  to  do  actually  with  the 
surface  of  a  sphere.  The  conception  of  a  cylinder  increasing  in 
length  proportionally  to  the  increase  of  length  of  the  conductor 
is  quite  simple,  but  is  not  so  with  a  sphere.  In  fact,  the  elonga- 
tion of  a  sphere  would  only  develop  a  cylindrical  surface. 

Mr.  Steinmetz  : — I  want  to  say  that  in  speaking  of  the  time 
hysteresis  of  air,  I  only  intended  to  draw  the  attention  to  the 
fact  that  even  in  a  magnetic  circuit  entirely  contained  in  air,  a 
certain  dissipation  of  energj^  takes  place — that  is,  a  certain 
amount  of  energy  is  not  given  back  to  the  electric  conductor. 
But  what  happens  to  this  energy  I  did  not  mention  at  all.  I  only 
used  the  word  "  hysteresis "  m  its  original  meaning.  Besides, 
even  in  the  magnetic  iron  circuit,  a  part  of  the  hysteretic  loss  of 
energy  does  not  come  out  as  heat,  but  as  sound  waves. 

I  can  not  at  all  concede  that  we  always  have  to  make  allow- 
ances of  twenty  per  cent.,  or  anything  else.  I  think  when  we 
have  to  make  allowances,  this  only  proves  that  ^wp^^^o^Lf^t^jcjipfj^ 
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yet  every  coiistaut  as  far  as  it  is  to  be  wislied.  Hence  in  tlie  early 
times  of  electrical  engineering,  we  liad  to  do  more  than  to  make 
only  an  allowance  of  twenty  per  cent.  Then  it  was  that,  for  in- 
stance in  dynamo  building,  we  had  to  wind  first  a  wire  on  the 
armature,  run  the  dynamo  and  measure  what  it  did,  and  after  that 
lay  out  the  rifi:ht  winding.  I  hope  nol)ody  does  such  a  thing  any 
more.  Butsti^lyou  make  acertain  allowance  in  designing  dynamos, 
though  in  some  of  the  best  types  of  iron-clad  dynamos  these  allow- 
ances are  so  small  tliat  they  can  well  be  neglected,  and  we  calculate 
the  dynamo  exactly;  and  where  we  know  and  understand  the  phen- 
omena w^hich  we  have  to  deal  with  quite  fully  we  need  to  make  no 
allowance  at  all,  but  are  able  to  calculate  the  apparatus  quite 
exactly.  For  instance,  in  transformer  designing  I  am  absolutely 
sure  that  at  least  in  some  types  of  transforn)ers,  if  I  have  a  sam- 
ple of  the  iron  given  to  me  beforehand,  that  I  can  test  its  mag- 
netic properties,  I  can  lay  out  any  transformer,  and  there  will  be 
found  between  the  calculated  and  the  actually  observed  values  not 
a  difference  of  one  per  cent.     [Applause.] 

The  Chairman  : — If  there  are  no  others  who  wish  to  discuss 
this,  we  should  be  glad  to  hear  anything  that  Mr.  Kennelly  may 
care  to  add. 

Mr.  Kenxklly  : — Mr.  President  and  gentlemen,  I  think  it 
would  be  better  perhaps  to  clear  up  the  (piestions  w^hich  have 
been  raised,  with  the  aid  of  the  blackboard,  on  these  four  figures. 
It  was  mentioned,  I  think,  that  the  initial  reluctivity  could  not 
commence  at  a  definite  value,  because,  if  I  mistake  not,  Fig.  2 
showed  a  starting  point  from  zero.  Fig.  2,  it  must  be  confessed, 
is  erroneous  in  that  resnect.  The  first  observation  is  shown  by  a 
black  mark,  and  the  line  should  not  be  carried  back  to  the  zero 
point.  As  regards  Fig.  3,  tliat  does  not  terminate  at  the  base 
line.  It  ends  w^ith  the  two  little  dots  that  you  see  there,  and  any 
person  is  at  liberty  to  continue  that  line  (page  492)  in  any  direc- 
tion w'hatever.  The  exact  direction,  of  course,  will  depend  upon 
how  you  construe  the  word  permeability  ;  whether  you  mean 
metallic  permeability,  or  permeability  in  the  mass.  There  is  a 
difference  on  the  vein  theory,  because  we  have  seen  that  the  flux 
is  supposed,  on  this  theory,  to  be  the  magnetizing  flux  added  to 
the  flux  in  the  metal  itself.  It  dissociates  what  goes  on  in  the 
metal  from  what  goes  on  in  the  space  occupied  by  the  metal, 
while  the  ordinary  term,  permeability,  includes  both. 

In  regard  to  Fig.  4  and  also  Fig.  10  in  the  paper,  it  is  quite 
true  that  in  reluctance,  as  ordinarily  defined,  namely,  as  the  recip- 
rocal of  permeability,  1  /  //,  the  line  could  not  go  beyond  unity, 
and  would  stop  before  the  second  line  from  the  top  of  the  dia- 
gram, Fig.  10.  But  that  is  mentioned  on  page  497.  It  is  also 
pointed  out  that  if  we  borrow  from  the  vein  theory,  the  concep- 
tion that  the  reluctance  in  the  mass,  is  the  joint  reluctance  of 
two  things  in  multiple  arc,  namely,  the  metal  and  the  space  occu- 
pied bv  the  metal  (it  is  an  artificial  hvpothesis — granted  ;    but  it 
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leads  to  a  result  which  is  easy  to  handle),  one  becomes  an  asymp- 
tote, the  other,  so  far  as  we  know,  goes  on  forever ;  that  is  to  say, 
it  does  not  terminate  at  24,500.  Kow,  the  reluctance  of  iron  is 
shown  at  24,600  to  be  a  little  over  1.1 — call  it  1.2.  The  reluc- 
tance of  air  is  supposed  to  be  constant,  namely,  unity.  The  joint 
reluctance  of  these  two  is 

1-^^_><J  =  ^  =  0.545. 

1.2+1         2.2 

Now,  you  see,  .54  would  be  the  apparent  reluctance  of  the 
iron.  It  shows  how  very  vital  a  change  is  introduced  by  that 
conception  borrowed  from  the  vein  theory,  for  on  the  conception 
that  tnereis  a  metallic  reluctance,  the  line  becomes  straight.  The 
whole  object  of  the  paper  is  to  show  that  whereas  the  curves  of 
flux  in  terms  of  magnetizing  force,  or  of  permeability  in  terms 
of  magnetizing  force,  or  of  permeability  in  terms  of  flux  density, 
are  all  complicated  curves — they  are  curves  which  you  would  not 
like  to  denne  by  any  particular  formula,  the  curve  which  fol- 
lows from  the  conception  of  the  inverse  of  permeability  is,  fortu- 
nately, a  very  simple  one.  It  is  one  that  although  it  may  have  no 
place  in  nature,  happens  to  suit  our  purposes  in  a  high  degree. 
On  Fig.  9,  the  dots  there  which  show  the  observations,  indicate 
that  tne  reluctivity  did  commence  at  a  definite  value,  namely, 
0.75,  in  that  particular  example. 

Now  as  regards  the  point  that  was  mentioned  of  the  vein  flux 
having  reached  its  full  amount,  that  arises,  does  it  not,  from  the 
fact  that  the  total  inducUiou — the  total  number  of  lines  of  force 
in  the  metal  per  square  centimetre  of  section  can  go  on  at  least  as 
far  as  45,000.  Whereas  the  intensity  in  the  iron,  that  is  to  say,  on 
the  vein  theory,  the  amount  of  magnetic  material  that  vou  would 
discover  by  making  a  cut  at  right  angles  to  the  lines,  the  amount 
of  magnetic  fluid  would  reacn  a  finite  value,  in  other  words  the 
induction  B  increases  indefinitely  while  /,  the  intensity  of  mag- 
netization, reaches  a  maximum. 

There  isonly  one  other  point,  I  think,  and  that  is  about  this  unfor- 
tunate 4  Tz.  It  is  a  matter  sincerely  to  be  regretted  that  we  can- 
not in  dealing  with  the  simplest  magnetic  circuits  determine  the 
flux  from  the  magneto-motive  force,  without  the  introduction  of 
that  very  unfortunate  co-efl5cient.  As  has  been  clearly  pointed 
out  by  several  speakers,  it  stands  in  the  light  of  no  more  than  a 
numerical  factor,  and  is  derived  from  the  fundamental  fact  that 
the  unit  of  quantity  in  magnetism  is  that  quantity  which  would 
repel  its  equal  with  unit  force  at  unit  distance. 

It  would  certainly  be  possible  to  suppress  4  i:  from  the  practi- 
cal side  of  the  work.  We  could  cause  4  ;r  to  disappear  from  our 
equations  of  electromotive  force  and  flux,  but  it  would  turn  up 
in  other  places.  If  we  force  it  out  of  the  door  it  would  come  in 
at  the  window.  The  first  effect  would  be  that  we  would  have  to 
change  all  our  ohms  and  volts.     That  is  a  task  which  is  surel^tC 
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enough  to  deter  almost  any  advocate  of  sucli  a  change.     [Ap- 
plause.] 

The  Chairman  : — Gentlemen,  we  have  heard  a  most  interest- 
ing discussion  upon  this  most  interesting  and  valuable  paper  I 
think  that  we  have  to  conffratulate  ourselves  that  we  are  so  for- 
tunate as  to  have  papers  Hkc  this  presented  and  that  discussion  is 
taken  up  with  as  little  reluctance  as  this  has  been.  I  have  my- 
self been  very  much  interested  in  hearing  this  discussion  re- 
specting 4  ;r.  It  is  not  a  new  discussion  by  any  means.  There 
has  always  been  a  dijSference  of  opinion  as  to  the  value  of  iz 
whether  it  had  the  prefix  4  or  not.  But  I  rather  think  after 
hearing  both  sides  that  the  balance  of  opinion  indicates  that  we 
shall  have  to  continue  the  n  diet  for  a  little  while  longer. 

I  was  particularly  impressed  with  the  remark  dropped  by  Mr. 
Steinmetz  in  which  he  spoke  of  the  impropriety  which  we  have 
all  committed  ourselves  to,  following  therein  the  custom  of  our 
predecessors  for  so  many  years,  of  speaking  of  "  electrical  re- 
sistance," which  we  had  no  business  to  do.  For  a  long  time  it 
has  been  with  me  a  pet  hobby  that  it  would  have  been  much  bet- 
ter if  we  had  accustomed  ourselves  from  the  beginning  to  speak 
and  think  of  electrical  conductivity.  I  suppose  this  is  the  only 
case  in  the  whole  realm  of  science  in  which  we  speak  of  a  quantity 
from  the  negative  aspect,  so  to  speak.  None  of  us  would  ever 
think  of  measuring,  say,  the  capacity  of  a  tubular  conductor  by 
the  resistance  which  water  experienced  in  blowing  through  it, 
and  if  we  had  started  in  on  conductivity  instead  of  thinking  of 
resistance,  which  as  we  all  know  is  nothing  but  the  ratio  be- 
tween the  electro-motive  force  and  the  current,  it  would  have 
been  easier  for  us  in  many  other  ways. 

It  now  becomes  my  pleasant  duty,  although  it  has  not  had  so 
many  precedents  as  it  might  have  had,  to  propose  a  very  hearty 
and  cordial  vote  of  thanks  to  Mr.  Kennelly  for  his  paper,  and 
without  waiting  for  a  seconder  I  shall  put  that  vote  of  thanks. 

[The  vote  of  thanks  to  Mr.  Kennelly  was  adopted.] 

The  Chairman  : — Professor  Ryan's  paper,  as  many  of  you  are 
aware,  had  a  very  slim  discussion  at  our  last  meeting  and  the 
time  has  been  so  well  advanced  this  evening  that  I  do  not  know 
whether  you  will  care  to  take  it  up  now.  I  will,  however,  say 
that  Prof.  Ryan  has  forwarded  certain  corrections  which  will  be 
read,  and  then  I  will  ask  the  Institute  to  decide  whether  to  con- 
tinue the  discussion  at  this  time  on  Professor  Ryan's  paper. 
S^he  corrections  to  Professor  Rvan's  paper  were  read.] 
R.  Hbrinq  : — As  Professor  Kyan  is  not  here  himself,  per- 
haps it  might  be  better  to  postpone  the  discussion.  It  might  be 
wdl,  if  we  have  time  now  to  consider  the  report  on  magnetic 
units. 

The  Chairman  : — I  think,  perhaps,  we  have  sufficient  time  to 
take  some  action  on  that.    It  is  only  a  little  after  ten  o'clock. 

Mb.  Hering  :-— I  will  make  a  motion,  if D||,Jf t)y^ff?9'?7i>^*^ 
postpone  the  discussion  of  Professor  Ryan's  paper.  ^ 
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[The  motion  was  carried.] 

The  Chairman  : — Will  some  gentleman  move  now  that  we 
proceed  to  discuss  the  report  of  the  Committee  on  Units  and 
Standards. 

Mr.  C.  O.  Mailloux  : — I  make  that  motion. 

[The  motion  was  carried.] 


Report  of  CoMMmEB  on  UNirs  and  Standards. 

Orange,  N.  J.,  June  30th,  1891. 

to   the    president  and   council   of  the   AMERICAN  INSTFIUTE   OF 
ELECTRICAL  ENGINEERS. 

Qbntlbmbn — Tour  Committee  on  " Units  and  Standards"  begs  to  submit 
to  your  attention  the  following  report : 

Tour  committee,  considering  that  authorized  and  recognized  names  for  four 
practical  electro-magnetic  units,  at  present  unentitled,  are  needed  by  electrical 
engineers  in  this  as  well  as  in  other  countries,  for  dealing  conveniently  with 
magnetic  circuits  in  analysis,  discussion,  and  design,  recommends  to  the  Insti- 
tute the  four  units  as  appended  in  detail,  of  magneto-motive  force,  reluctance, 
flux,  and  flux-density,  in  the  hope  that  if  favorably  considered,  the  Institute 
may  further  the  endeavors  of  the  next  International  Electrical  Congress  to- 
wards securing  for  them  universally  recognized  titles. 

Tours  very  respectfully, 

A.  E.  Ebnnellt, 

Chairman. 

List  of  New  Units  Practically  Needed  for  Convenience  in 
Dealing  With  Magnetic  Circuits. 

1st.  Magneto-Motwe  Force  /  or  dijierence  of  magnetic  potential. 

Simple  Definition. — The  analogue  in  a  magnetic  circuit  of 
voltage  in  an  electric  circuit. 

Strict  Definition. — The  magneto-motive  force  in  a  magnetic 
circuit  is  4t  multiplied  by  the  flow  of  current  linked  with 
that  circuit. 

The  magneto-motive  force  between  two  points  connected 
by  a  line,  is  the  line  integral  of  magnetic  force  along  that 
line.  DiflEerence  of  magnetic  potential  constitutes  magneto- 
motive force. 

Electro  magnetic  dimensional  formula,  I>  M^  T~^ 

The  absolute  unit  of  M.  M.  F.  is  j^  X  unit  current  of  one  turn. 

The  practical  unit  is  t-  X   ampere  of   one  turn,  or  one- 
tenth  of  the  absolute  unit— i.  ^.,  0.0796  ampere-turn  giveiT 
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the  unit.     The  prefix  kilo-  would  perhaps  be  occasionally 
used  for  practical  applications. 
2d.  Magnetic  Flux, 

Simple  Definition. — Total  number  of  lines  of  force  or  total 
field. 

Strict  Definition. — The  magnetic  flux  through  a  surface 
bounded  by  a  closed  curve,  is  the  surface  integral  of  mag- 
netic induction  taken  over  the  bounded  surface,  and  when 
produced  by  a  current  is  also  equal  to  the  line  integral  of  the 
vector  potential  of  the  current  taken  around  the  boundary. 

The  uniform  and  unit  time  rate  of  change  in  flux  through 
a  closed  magnetic  circuit,  establishes  unit  electromotive  force 
in  the  circuit. 

Electro-magnetic  dimensional  formula,  Li  M^  T'^ 

The  absolute  unit  is  one  C.  G.  S.  line  of  induction. 

The  practical  unit  is  10®  C.  G.  S.  lines. 

Fluxes  range  in  present  practical  work  from  100  to  100,000,000 
C.  G.  S.  lines,  and  the  working  units  would  perhaps  prefix 
milli-  and  micro-. 
3d.  Magnetic  Intensity^  or  induction  density. 

Simple  Definition. — Flux  per  sq.  cm. 

Strict  Definition. — The  induction  density  at  a  point  within  an 
element  of  surface  is  the  surface  differential  of  the  flux  at 
that  point. 

Electro-magnetic  dimensional  formula,  \r^  M^  T""^ 

Absolute  unit,  oneC.  G.  S.  line  per  sq.  centimetre. 

Practical  unit,  10*  C.  G.  S.  lines  per  sq  cm. 

In  practice,  excluding  the  earth's  field,  intensities  range  from 
100  to  20j000  lines  per  sq.  cm.,  and  the  working  unit  would 
perhaps  have  the  prefix  milli-  or  micro-. 
4th.  Magnetic  lieluctance. 

Definition. —  Unit  reluctance  in  a  magnetic  circuit  permits  unit 
magnetic  flux  to  traverse  it  under  the  action  of  unit  magneto- 
motive force. 

Dimensional  formula,  L~*  M°  T°. 

The  practical  unit  is  lO"'  the  absolute  unit. 

Reluctances  vary  in  present  practical  work  from  100,000  to 
100,000,000  of  these  practical  units,  so  that  the  working  unit 
would  perhaps  employ  the  prefix  mega-. 
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Discussion. 

Mr.  He  ring  : — Regarding  this  report  I  think  the  work  is  very 
creditably  done  and  that  we  can  be  very  glad  that  our  committee 
is  doing  such  good  work.  I  think,  however,  that  there  might 
just  as  well  have  been  added  a  fifth  unit  which  expresses  mag- 
netic conductivity  or  permeability,  in  order  to  complete  the 
series.  It  would  be  the  reciprocal  of  the  fourth.  It  has  been 
left  out  entirely  in  the  report.  Perhaps  there  is  some  reason  for 
having  left  it  out. 

In  tne  beginning  of  the  report,  in  the  second  paragraph  it  says  : 
"  The  names  for  foun  practical  ^Z^^?^?*^  magnetic  units,  etc."  I 
think  it  would  have  been  a  little  clearer  to  have  called  them 
simply  magnetic  units,  because  the  second,  third  and  fourth 
units  are  entirely  independent  of  any  electric  current.  I 
understand  that  the  term  elect/ro  ma^ietic  is  probably  used  as  a 
distinction  from  electro-static  tmitSy  but  I  think  it  might  be  writ- 
ten in  a  little  different  way,  so  as  not  to  produce  the  impression 
that  they  are  in  any  sense  electric  units,  because  they  are  not ;  the 
my'ority  of  them  are  purely  magnetic  units. 

Mr.  C.  O.  Mailloux  :  —I  endorse  the  remarks  of  Mr.  Hering, 
as  to  the  creditable  manner  in  which  this  work  has  been  done  by 
the  committee.  I  would  take  exception  only  with  regard  to  some 
•of  the  practical  units,  so-called,  that  is  to  say,  the  practical  val- 
ues. That  is  a  question  which  interests  greatly  those  who  have 
to  deal  with  the  use  of  these  practical  values. 

There  is  room  for  discussion  as  to  what  values  are  the  moat 
expedient  to  give  to  the  practical  imits.   The  committee  has  seen 

lit  to  use  as  the  unit  of  magneto-motive  force,  —  X  ampere  of 

one  turn,  which  is,  I  think,  a  convenient  practical  value.  Now, 
we  can  assign  any  values  to  the  other  two  units  if  we  assign 
them  in  the  proper  reciprocal  relation,  and  still  be  able  to  use  the 
formula  analogous  to  Dr.  Ohm's.  In  other  words,  we  would  be  able 
to  write  :  The  flux  equals  the  magneto-motive  force  divided  by 
the  reluctance,  and  we  could  have  that  relation  maintained  for 
•almost  any  sets  of  values  of  the  magnetic  flux  and  reluctance. 
The  committee  has  given  the  practical  unit  of  flux  the  value  of 
10^  0.  Q.  s.  lines,  which  involves,  of  course,  giving  to  the  reluc- 
tance the  reciprocal  value  of  lO"*  ;  and  the  magnetic  intensity 
has  been  made  l(y,  the  same  as  the  magnetic  flux.  Now,  the 
practical  unit  of  one  hundred  million  o.  g.  s.  lines  per  square  cen- 
timetre appears  to  me  rather  high,  inasmuch  as  the  values  we 
deal  with  practically  are  seldom  over  10,000  or  16,000;  and  as  it 
is  admitted  that  25,000  to  30,0o0  are  satural  values,  I  do  not  see 
the  logic  of  usinga  value  so  entirely  out  of  reach  and  calling  it  a 
practical  unit.  It  is  true  that  we  could  use  the  term  ''  micro ; " 
at  the  same  time  it  seems  to  me  we  might  just  as  well  shorten  the 
nomenclature  by  using  a  practical  value  more  within  industrial 
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bounds.  Tlie  practical  unit  of  flux,  10**,  would  seem  to  be  taken 
from  its  relation  to  the  other  units,  such  as  the  volt.  I  think  we 
could  sacrifice  to  some  extent  the  convenience  of  a  strictly  uni- 
form system  in  order  to  obtain  convenience  in  other  respects.  I 
have  to  manipulate  these  several  quantities  a  great  deal  in  con- 
nection with  the  design  of  electrical  machinery,  and  1  have  been 
in  the  habit  for  some  two  years  past  of  using  a  unit  of  flux 
which  is  one  million  o.  g.  s.  lines,  or  10*,  which  I  find  to  be  very 
convenient  because  it  is  a  quantity  which  you  meet  with  xery 
constantly  in  practice  and  its  use  does  not  involve  too  many  deci- 
mals or  too  large  a  figure.  At  the  same  time,  as  we  want  to  have 
something  which  fits  all  the  requirements  and  which  applies  as 
nearly  as  possible  to  all  cases,  I  would  be  in  favor  of  further  re- 
ducing the  values  of  the  practical  unit  of  flux  to  10*,  or  10,000  c. 
o.  8.  lines,  and  of  taking  the  corresponding  value  of  10~'  for 
magnetic  reluctance  which  still  preserves  the  mathematical  rela- 
tions of  the  formula  analogous  to  Ohm's,  while  at  the  same  time  it 
gives  us  values  within  ordmary  limits.  Then  in  dealing  with  flux 
we  could  use  the  terms  "  deca  "  and  "  hecta,"  while  the  unit  of 
magnetic  intensity  would  be  about  right,  10,000  lines  per  square 
centimetre,  a  value  constantly  met  in  practice  and  which  one 
could  handle  without  needing  any  prefix,  such  as  "milli"  or 
"  deci,"  or  any  other  term.  It  seems  to  me  this  is  a  matter 
which  wants  to  be  very  carefullv  considered.  "We  are  going  to 
assign  values  to  these  units  not  tor  one  day,  but  forever,  so  far  as 
we  know,  and  we  want  to  be  cautious  and  consider  well  that  we 
do  it  in  a  manner  that  will  be  of  the  greatest  convenience  to  the 
greatest  number. 

The  Chairman  : — If  the  Institute  will  pardon  a  suggestion, 
perhaps  at  this  conjuncture  it  would  be  well  to  take  a  vote  on  ac- 
cepting the  report,  and  then,  if  the  Institute  please,  we  may  con- 
siaer  it  in  sections  and  dispose  of  it  as  may  be  thought  fit. 

Mr.  Herino  : — Is  not  this  a  portion  of  a  much  longer  report  ? 
I  understand  that  the  Committee  on  Units  and  Standards  is  con- 
sidering other  questions  and  that  this  is  only  a  portion.  Perhaps 
it  might  be  well  to  postpone  it. 

The  Chairman  : — It  would  seem  that  the  report  is  practically 
complete  as  far  as  it  goes.  It  is  signed  by  the  Chairman  of  the 
committee  and  we  would  like  to  hear  from  him  as  to  what  the  in- 
tention of  the  committee  was  in  submitting  this. 

Mr.  Kennelly  : — The  report  as  submitted  by  the  committee  is 
complete  in  itself  upon  that  head. 

The  Chairman  : — It  would  be  very  proper,  it  seems  to  me,  to 
accept  the  report  if  any  one  would  make  that  motion. 

Mr.  Hkring  : — I  make  the  motion. 

[A  member  seconded.] 

The  Chairman  : — It  is  moved  and  seconded  that  the  report  be 
accepted  with  thanks. 

[The  motion  was  carried.]  ^  . 
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The  Chairman  : — Now,  how  will  you  take  it  up  ?  Will  you 
consider  one  of  these  units  at  a  time,  or  will  you  act  definitely 
upon  it  this  evening  at  all  ? 

Mb.  Mailloux  : — It  seems  to  me  there  is  only  one  part  upon 
which  there  can  be  any  divergence  of  opinion.  The  rest  is  so 
well  done  that  I  think  it  is  above  criticism.  I  do  think,  how- 
ever, that  the  practical  values  of  the  unit  ought  to  be  further 
considered  and  discussed,  before  we  commit  ourselves  to  them, 
for  the  reason  that  I  have  already  given.  Those  who  have  to  deal 
with  these  things  in  a  practical  way,  are  very  much  interested  in 
having  values  that  will  obviate  a  cumbersome  nomenclature — ^in 
having  values  which  have,  as  much  as  possible,  a  physical  signifi- 
cance. For  instance  I  would  be  very  much  opposed  to  a  unit  of 
magnetic  density  which  is  physically  inconceivable,  like  the 
farad  for  instance,  unless  taken  with  an  inseparable  prefix,  micro, 
just  because  mathematical  uniformity  or  symmetry  is  insisted 
upon.  We  may  perhaps  find,  if  we  seek,  something  that  is  pal- 
pable and  tangible,  instead.  Therefore  I  move  that  the  report  be 
adopted  with  the  exception  of  the  value  of  the  practical  unit. 

Peof.  Francis  B.  Crookbr: — That  point  nas  already  been 
discussed  in  this  room  very  thoroughly  in  connection  with  the 
unit  of  inductance.  If  Mr.  Mailloux's  suggestion  could  be  car- 
ried out  we  should  all  be  very  thankful,  but  it  is  probably  impos- 
sible. We  now  have  the  farad  as  a  unit,  however  awkward  it 
may  be,  and  we  mast  use  the  microfarad  for  ordinary  practical 
work.  The  farad  must  be  related  to  the  coulomb  and  the  volt 
directly  in  the  ratio  of  1  to  1,  for  if  it  had  a  relation  of  a  mil- 
lionth to  1  it  would  introduce  a  still  worse  objection  to  the  system 
of  units.  In  that  respect  the  units  are  perfect.  Hence,  when  we 
come  to  the  magnetic  units  we  must  simply  follow  this  rule.  The 
farad  is  more  awkward  than  any  of  these  new  units  and  yet  we 
have  had  it  for  a  long  time  and  it  would  be  undesirable  to  change 
it.  In  fact,  I  think  any  one  who  carefully  considers  this  matter 
will  say  it  is  out  of  the  question  to  change  the  farad,  and  the 
same  thing  is  true  of  these  proposed  magnetic  units.  The  mem- 
bers of  the  committee  are  unanimous  on  that  point  I  have  seen 
no  one  yet  who  has  given  this  question  careful  attention,  who  has 
not  become  completely  convinced  on  that  score.  I  would  call  at- 
tention to  the  fact  that  the  word  "  practical"  as  applied  to  these 
units,  should  be  put  in  quotation  marks.  The  farad  is  called  the 
"practical"  unit  of  capacity,  because  it  is  directly  related  to 
other  units,  the  values  of  which  were  selected  on  account  of 
their  supposed  practical  convenience.  We  can  select  values  for 
the  first  tew  units  in  a  system,  and  the  rest  follow  as  a  natural 
and  inevitable  consequence  and  any  one  who  attempts  to  change 
them  will  get  into  still  worse  trouble.  So  that  wora  "practical" 
should  not  be  taken  in  any  literal  sense.  It  merely  means  a  unit 
which  is  related  to  the  volt  or  other  fundamental  units  in  the 
simplest  ratio.     We  should  have  a  third  column  in  our  table  of 
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units,  as  I  pointed  out  some  time  ago — working  units.  *  Thus  we 
have  the  aosolute  units,  the  so-called  practical  units  and  the  real 
working  units.  The  volt  and  the  ohm  were  chosen  to  be  both 
practical  and  working.  But  in  the  case  of  the  farad  this  is  not  the 
case.  In  the  case  of  the  heniy  the  "  practical "  value  is  very 
nearly  a  "  working  "  value.  In  the  case  of  the  proposed  magnetic 
units  the  two  values  are  unfortunately  quite  different,  but  we 
cannot  help  ourselves. 

Mr.  Townsend  Woloott  : — I  agree  with  Professor  Crocker 
in  regard  to  this  system  business.  It  seems  to  me  there  are  onl^ 
two  ways  to  make  a  practical  system  of  units,  either  the  way  it 
has  been  done — to  fix  on  the  most  important  values  and  let  the 
others  come  in  as  they  will,  or  else  go  on  the  other  tack  and  make 
all  the  practical  units  about  the  convenient  size  and  let  the  dis- 
crepancy come  in  the  equations.  That  is,  introduce  factors  into 
all  the  equations  to  make  them  come  right.  It  is  always  as- 
sumed that  the  factor  has  the  power  of  10.  1  think  that 
most  electricians  would  seriously  object  to  the  introduction  of  a 

constant  into  the  equation  C^==  — ^  because  that  is  an   equation 

which  is  used  so  much.  We  either  have  got  to  have  the  units  of 
an  inconvenient  size  or  else  introduce  multipliers  into  some  of 
the  equations.  I  presume  from  what  Prof.  Crocker  said  that  the 
units  given  by  the  committee  here  are  all  supposed  to  be  the 
systematic  practical  units.  But  the  unit  of  electrical  density  is 
10^  0.'  G.  s.  lines  per  square  centimetre.  The  unit  of  length 
in  the  practical  system  is  10*  centimetres,  and  the  unit  of 
area  is  consequently  10^'  square  centimetres,  which  makes  the 
practical  unit  of  density  10^**  c.  o.  s.  units  instead  of  10'.  If  you 
consider  that  this  belongs  to  the  practical  system,  you  have  got  to 
consider  that  there  are  two  units  of  length.  We  will  call  one  the 
subjective  unity  of  length  or  the  imaginary  one,  and  the  other 
the  objective  unity  of  length  by  which  we  measure  the  magnetic 
circuits.  Of  course  the  centimeter  is  a  very  convenient  length 
for  measuring  dynamo  machines ;  it  is  just  about  right.  But  the 
square  centimetre  is  not  the  systematic  unit  of  area  according  to 
the  practical  system  of  units. 

Prof.  W.  A.  Anthony  : — I  just  want  to  say  one  word  in  re- 
gard to  this  discussion  that  has  been  brought  out  on  the  value  as- 
signed to  these  practical  units,  and  that  is  this :  That  in  assigning 
the  value  of  1  to  I  we  are  following  out  the  plan  that  has  been 
adopted  in  assigning  the  values  to  other  practical  units  that  have 
already  been  adopted.  If  we  do  anything  else  than  this  we  shall 
have  a  relation  that  we  shall  have  to  memorize.  Now  if  we 
make  our  practical  unit  one  which  is  a  ratio  of  1  to  1  and  then 
apply  a  prefix  that  may  be  necessary  in  order  to  give  a  working 
unit,  that  prefix  indicates  the  relation.     We  know  that  our  prac- 
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tical  unit  has  a  ratio  of  1  to  1.  If  we  adopt  10*  which  gives 
the  ratio  2  to  1  we  have  got  to  remember  that  it  is  2  to  1,  and  by 
and  by  somebody  will  be  making  mistakes  through  not  remem- 
bering whether  it  is  1  to  I  or  2  to  1  or  4  to  1.  And  then  there  is 
nothing  in  the  name  of  the  unit  to  indicate  what  its  relation  to 
the  other  unit  is.  Let  us  stick,  I  say,  to  the  relation  that  has  al- 
ready been  adopted,  making  the  unit  1  to  1  and  then  adopting 
such  a  prefix  as  will  indicate  the  relation  of  the  working  units  to 
the  practical  units.  I  think  there  is  another  reason  for  tnis — ^that 
the  electricians  of  the  old  world,  I  do  not  believe,  will  ever  con- 
sent to  any  other  arrangement,  and  this  society  of  electrical  engi- 
neers, although  it  is  a  societv  of  a  good  deal  of  importance,  can- 
not upset  what  has  already  been  adopted  by  the  electricians  of 
the  old  world. 

Mb.  Heking: — 1  quite  agree  with  Professor  Crocker,  and 
Professor  Anthony  and  the  committee.  I  think  it  would  not 
do  at  all  to  break  the  continuity  of  this  system,  and  I  feel  quite 
sure  that  if  we  take  any  different  action  the  European  electricians 
will  not  agree  with  us. 

Mr.  Brown  : — With  regard  to  the  second  paragraph — mag- 
netic flux — the  simple  definition  is  given  as  ''total  number  of  lines 
of  force,"  or  "total  field,"  and  then  further  down  it  is  referred  to 
in  absolute  units  as  one  c.  o.  s.  line  of  induction.  Of  coarse  you 
are  all  familiar  with  the  distinction,  as  some  desire  to  make  it, 
between  a  line  of  force  and  a  line  of  induction.  1  do  not  know 
whether  it  is  best  to  consider  that  distinction  here  or  not. 

With  regard  to  paragraph  four,  the  heading  is  magnetic  reluc- 
tance, and  Mr.  Kennelly's  paper  is  headed  the  same  way.  I  pre- 
sume that  in  this  report  the  word  magnetic  is  introduced  because 
magneto-motive  force,  and  magnetic  flux  and  magnetic  intensity 
were  used,  but  it  would  seem  perhaps  unnecessary.  I  believe 
that  Mr.  Heaviside  proposed  the  single  word  "reluctance"  to 
replace  the  term  "  magnetic  resistance/' 

Mr.  Hering  : — Regarding  the  relation  between  the  second  and 
the  third  units,  I  think  that  this  ought  to  be  considered  very 
carefully.  The  same  question  was  brought  up  at  the  Congress 
this  summer,  when  some  of  these  units  were  discussed,  and  it  was 
really  the  reason  why  they  were  not  adopted  at  this  Congress, 
because  it  brought  about  a  doubt  in  the  minds  of  some  of  the 
gentlemen  as  to  what  the  true  relation  should  be,  whether  it 
should  be  as  1  to  1  or  whether  the  square  of  the  linear  dimension 
should  be  taken  into  consideration.  At  the  Congress  this  ques- 
tion was  brought  up  by  Prof.^Roiti,  who  is  certainly  very  clear 
headed  ;  much  weight  was  put  upon  his  remarks,  and  the  whole 
discussion  on  magnetic  units  was  dropped  for  want  of  time  to 
consider  this  point.  So  I  think  we  ought  to  be  careful  about 
what  we  decide  regarding  the  relative  value  between  the  second 
and  third  units. 

Mr.  Wolcott  : — The  committee  very  carefully  fixed  the  dimen- 
sions of  these  second  and  third  units.     If  you  figure  it  out  on  the 
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dimensions  attached  there,  yoa  will  find  that  the  third  unit  is  not 
lO^but  10^«. 

Mr.  Brown  : — There  is  one  other  point,  Mr.  President.  In  the 
third  paragraph,  magnetic  intensity  has  the  alternate  meaning 
given  it  of  "induction  density,"  from  which  it  might  be  inferred 
that  one  should  use  the  term  "induction"  for  the  total  number  of 
lines  of  force  or  total  field.  It  is  quite  customary  to  use  the  term 
induction,  as  "induction  density"  nas  been  used  in  this  report, 
and  it  has  the  authority  among  others  of  Prof.  Fleming  and  Mr. 
Kapp.  When  it  was  proposed  to  use  the  term  induction 
for  tne  total  number  of  lines  of  force,  great  objection  was  made 
to  it  in  the  British  Institation  of  Electrical  Engineers,  by  Prof* 
Silvan  us  P.Thompson.  The  usage  was  suggested  at  that  time  in 
a  paper  by  Mr.  Vignoles.  Now  that  these  points  have  come  up 
here  they  had  better  be  threshed  out  again,  and  the  one  or  the  other 
definition  adopted  by  this  Institute. 

Djr.  Pupin:— The  first  sentence  in  the  definition  of  the  elec- 
tro-magnetic units  reads  magneto-motive  force  or  difference  of 
magnetic  potential.  I  think  there  is  a  tendency  now  to  distin- 
guish between  electromotive  force  and  dijSference  of  electric  po- 
tential. I  am  sure  that  it  would  be  well  to  distinguish  clearly 
between  magneto-motive  force  and  the  dijSference  of  magnetic  po- 
tential. The  quantities  magneto-motive  force  and  electromotive 
force,  refer  always  to  the  total  circuit,  whereas  difference  of  po- 
tential refers  to  apart  only  of  the  circuit.  I  think  it  would  bring 
in  a  desirable  distinction  between  the  two  quantities  which  ought 
to  be  distinguished.  I  say  a  "  desirable  distinction  "  because  I 
think  there  is  a  tendency  now  to  distinguish  them.  I  think  that 
electrical  engineers  use  the  term  "  difference  of  magnetic  poten- 
tial "  whenever  they  want  to  specify  that,  they  do  not  refer  to  the 
total  magnetic  circuit — simply  to  a  part  of  the  circuit. 

Mr.  Steinmetz  : — I  thiuK  we  ought  to  retain  this  name,  "  dif- 
ference of  magnetic  potential."     But  we  have  to  say : 

Ist.  Magneto-motive  force,  and  difference  of  magnetic  poten- 
tial.    And  in  the  definition  : 

The  difference  of  magnetic  potential  between  two  points  con- 
nected by  a  line  is — 

For,  indeed,  "  magneto-motive  force  "  and  "  difference  of  maff- 
netic  potential "  are  two  distinctly  different  things.  But  boni 
will  be  measured  by  the  same  new  unit,  just  as  "  electromotive 
force  "  and  "  difference  of  electric  potential "  are  both  measured 
by  volts. 

Now,  we  want  to  introduce  a  new  unit  for  these  two  magnetic 
quantities.  But,  then,  we  have  to  be  completeand  mention  both 
in  the  definition,  magneto-motive  force  and  difference  of  mag- 
netic potential. 

Thb  Chatbman  : — From  what  has  already  been  said  I  am  quite 
clear  that  the  suggestion  I  made  was  a  good  one — that  we  should 
consider  these  units  one  at  a  time.     Tlien  we  should  have  made 
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some  headway ;  but  now  I  do  not  see  that  we  are  any  further 
than  when  we  started. 

Mb.  Kbnnblly  : — If  I  may  be  permitted,  sir,  1  would  like  to 
explain  the  action  of  the  committee  in  reference  to  an  important 
point  that  has  been  raised  as  to  the  relation  between  the  second 
and  third  units.  The  third  unit  is  the  flux  referred  to  the  unit  of 
cross-section.  It  is  a  question — shall  it  be  flux  density  per  square 
centimetre  or  flux  density  per  square  earth's  quadrant  ?  There 
is  in  the  case  of  this  unit  the  difference,  that  whereas  all  the  other 
units  are  in  the  relation  1  to  1  and  come  into  connection  with 
each  other  continually,  in  formulae  and  in  practice,  the  magnetic 
intensity  which  is  reierred  to  the  square  section  of  circuit,  is  a 
subsidiary  unit  only.  It  is  not  a  part  of  the  main  line.  It  is  a 
side-track.  We  can  aflford  to  depart  there,  from  the  strict  meas- 
ure of  the  earth's  quadrant  without  that  danger  of  creating  confu- 
sion which  would  certainly  result  if  we  were  to  adopt  the  centi- 
metre in  place  of  the  earth's  quadrant  in  the  regular  succession 
of  "  practical "  units.  One  or  the  other  has  to  be  adopted.  It  is 
a  matter  for  discussion.  But  the  opinion  of  the  committee  was 
that  it  should  be  flux  density  per  square  centimetre.  That  would 
seem  to  be  much  more  convenient.  It  seemed  to  give  a  unit 
which  was  not  hopelessly  too  small,  and  although  not  according 
to  the  strict  "  practical "  linear  unit,  the  earth's  quadrant,  it  was 
not  a  unit  that  would  be  likely  to  introduce  confusion.  It  is  true 
that  the  system  of  proposed  units  here  exhibits  a  weak  point.  But 
it  i9  also  true  that  it  is  a  moot-point  and  it  probably  can  never  be 
finally  decided  except  by  an  International  Congress.  It  may  be 
that  the  Institute  will  prefer  to  attach  to  that  particular  clause  a 
statement  marking  that  a  departure  has  here  been  made  from  the 
strict  earth's  quadrant  unit  of  len^h,  but  it  is  a.  matter  which  is 
difficult  to  decide  at  present,  and  it  fortunately  appears  in  a  unit 
of  lesser  importance. 

Mb.  WoLooi'T : — I  think  that  argument  would  be  a  great  deal 
stronger  if  that  departure  from  the  system  ^ve  us  a  unit  of  a 
convenient  size.  The  unit  which  it  does  give,  is  no  more  con- 
venient than  the  other. 

Mb.  Kennelly  : — Inasmuch  as  we  use  flux  densities  of  10.000 
o.  G.  8.  lines  of  force  per  square  centimetre  if  we  have  10®  such 
lines  as  our  *'  practical "  unit  we  can  easily  come  down,  by  the 
prefix  milli-,  but  to  build  up  14  places  would  be  a  very  serious 
consideration,  if  the  "practical"  density  were  10"'®  o.  o.  s.  lines. 

Mb.  Steinmetz  : — Perhaps  it  would  be  the  best  to  drop  this 
unit  altogether,  for  it  is  not  of  so  much  importance  as  the  other 
units,  and  has  no  analogue  in  the  electric  circuit  anyway.  There 
we  have  volts,  amperes  and  ohms,  but  no  unit  for  the  current- 
density,  but,  when  needed,  we  say  "  amperes  per  scjuare  milli- 
metre," or  "amperes  per  square  inch^"  and  so  we  might  just  as  well 
in  the  magnetic  circuit  say  "  lines  per  square  centimetre,"  as  is 
done  now.  \r\n\c> 
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Mr.  Herikg  : — I  cannot  agree  with  Mr.  Steinmetz  in  this.  I 
think  that  of  the  four  units  given  here,  the  third  one,  namely : 
the  one  used  to  express  the  number  of  lines  of  force  per 
square  inch,  or  centimetre  of  field,  is  one  of  those  which  appear 
most  frequently  in  practical  electrical  engineering.  In  discussing 
dynamo  machines  or  transformers  it  is  the  intensity  or  density 
01  magnetism  which  is  among  the  most  important  data.  In  des- 
cribing a  dynamo  we  seldom  have  to  mention  the  total  number  of 
lines  in  the  field,  but  the  density  of  the  field  is  very  often  given. 

Dr.  M.  I.  PupiN : — But  in  the  construction  of  a  dynamo,  weal- 
ways  express  impressed  electromotive  force  in  terms  of  rev- 
olutions per  second  and  the  so-called  ejSfective  field — that  is  the 
total  maximum  magnetic  induction  throueh  one  turn  ;  so  that  if 
we  construct  the  unit  of  induction  in  such  a  way  as  to  be  in  har- 
mony with  our  other  practical  units  the  rest  would  be  all  right. 
So  far  as  the  other  unit  is  concerned — unit  of  magnetic  inten- 
sity— we  are  never  called  upon  to  bring  that  into  agreement  with 
the  other  units,  and  therefore  that  unit  can  be  brought  in  in  any 
way  to  suit  the  convenience  of  electrical  engineers.  It  would  not 
spoil  the  harmony  of  the  system  if  you  make  it  10,000  lines  of 
force  per  square  centimetre.^ 

Prof.  Anthony  :  —It  seems  to  me,  Mr.  Chairman,  that  we  are 
figuring  out  the  total  lines  of  force  by  the  number  of  lines  of 
force  to  the  square  centimetre,  and  if  we  had  some  unit  that  was 
entirely  at  variance  with  the  unit  in  which  we  express  the  total 
lines,  we  should  have  to  use  a  multiplier,  which  we  should  prob- 
ably forget. 

Mr.  Brown  : — There  is  one  point  about  this,  if  we  begin  with 
a  small  unit  and  then  look  at  it  as  a  whole,  say  in  this  case — the 
total  area — that  is  really  only  looking  at  it  from  another  point  of 
view.  I  mention  this  because  in  a  discussion  which  is  being 
carried  on  in  the  electrical  papers,  with  regard  to  a  certain  question 
of  engineering,  a  misunderstanding  has  crept  in  on  just  this  point. 
In  that  case  the  gentleman  commenced  with  the  unit  of  length — 
a  foot — when  regarding  a  certain  circuit,  and  then  he  began  to 
look  at  the  circuit  as  a  whole,  and  evolved  certain  deductions 
which  were  independent  of  the  circuit  length.  The  length  of 
the  circuit  disappeared  so  far  as  the  point  in  dispute  was  con- 
cerned. What  I  wanted  to  bring  out  is  simply  tnis :  that  it  is 
really  the  same  thing  in  the  end,  whether  we  look  at  the  area  as 
square  centimetres  or  whether  we  look  at  the  area  as  a  whole.  But 
it  is  always  better  to  look  at  it  in  terms  of  the  small  unit,  because  it 

1  We  can  slart  by  defining  10*  lines  of  force  as  the  unit  of  induction  and  call 
it.  say  a  weber.  A  microweber  would  be  then  a  hundred  lines  of  force  ;  200 
micro- webers  per  square  centimetre  would  be  what  we  call  to  day  20,000  lines 
of  force  per  square  centimetre  Webers  of  induction  multiplied  by  number  of 
turns,  multiplied  by  number  of  revolutions  per  second,  mulliplied  by  a  numeri- 
cal constant  would  give  us  then  the  electromotive  force  in  volts. 

Borne  such  arrangement  would  preserve  the  harmony  in  the  system  of  our 
units  and  it  wou^d  also  give  a  very  convenient  value  to  the  new  units. 
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is  then  apparent  whether  or  not  any  factors  go  out  of  our  equa- 
tions by  cancellation. 

Pjrof.  Crocker  : — I  do  not  think  it  is  the  idea  of  the  committee 
or  of  any  of  its  members,  or  for  that  matter,  of  any  member  of 
the  Institute,  that  we  can  succeed  in  disposing  of  a  question  of 
this  sort  in  one  evening.  It  was  the  intention  merely  to  bring 
it  before  the  Institute  so  that  its  members  could  have  time  to 
consider  it  and  discuss  it  generally  in  order  to  get  the  matter 
started,  and  then  let  it  soak  for  a  while,  so  to  speak,  and  be  taken 
ap  at  some  future  meeting.  I  think,  so  far,  the  discussion  has 
been  very  satisfactory,  and  I  believe  a  little  later  in  the  year,  we 
can  take  it  up  for  final  action. 

The  Chairman  : — I  think  there  is  no  doubt  that  Mr.  Crocker 
is  right.  It  is  quite  too  much  to  expect  that  we  can  settle  any  of 
these  things  in  an  evening. 

[Adjourned.] 
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Kepobt  of  the  Delegation  to  the  Feankfobt  Electrical 

Congress. 

To  the  Council  of  the  Ameriean  InstittUe  of  Electrical  Engi- 
neers, 

Gentlemen: — As  chairman  of  your  delegation  to  the  Inter- 
national Congress  of  Electricians,  held  at  Frankfort  o.  M.,  Ger- 
many, September  7-12,  1891,  I  beg  leave  to  submit  the  following 
report. 

Of  the  members  of  your  delegation  the  following  were  present 
during  the  whole  session  of  the  Congress,  viz :  Mr.  L.  Gutmann, 
Prof.  Heinrich,  Mr.  Carl  Hering  and  Prof.  Nichols.  The  only 
member  not  present  was  Mr.  Tesla,  whose  unavoidable  absence  is 
to  be  regretted  very  much. 

Your  delegates  had  received  no  definite  directions  regarding 
matters  to  be  brought  before  the  congress,  the  choice  of  which 
was  therefore  left  entirely  to  them.  They  concluded  to  bring  up 
two  or  three  matters  which  had  occupied  the  attention  of  the  In- 
stitute, namely  the  adoption  of  the  name  "  henry  "  and  a  normal 
value  for  the  resistance  of  copper  and  in  addition  suggest  the 
adoption  of  a  practical  unit  of  magnetism. 

The  substance  of  our  propositions  as  duly  announced  on  the 
printed  programmes  was  as  follows : 

1 .  That  the  American  Institute  of  Electrical  Engineers  had 
adopted  the  same  "  henry  "  for  the  name  of  the  practical  unit  of 
induction  and  that  we  propose  that  this  congress  formally  adopt 
the  name.  This  was  followed  by  an  explanation  of  the  value  of 
this  unit,  why  this  name  was  preferred  to  the  word  "  quadrant," 
and  why  it  was  named  after  Prof.  Henry. 

2.  That  this  congress  ought  to  adopt  a  name  and  value  for  a 
practical  unit  of  the  intensity  of  magnetism.  To  open  a  dis- 
cussion we  proposed  the  name  '^  gauss  "  and  a  value  of  1,000  lines 
per  square  centimetre,  or  10*  absolute  units. 

3.  That  it  would  be  desirable  to  adopt  a  normal  value  for  the 
resistance  of  copper  to  facilitate  relative  comparisons  for  com- 
mercial purposes.  To  this  we  added  that  we  wished  merely  to 
agitate  this  question  here  in  order  that  any  preliminary  tests  to 
determine  such  a  value  maybe  made  between  now  and  the  next 
congress,  so  as  to  facilitate  its  adoption  at  that  congress. 

4.  The  announcement  closed  with  an  invitation  to  the  mem- 
bers of  this  congress,  on  the  part  of  the  American  Institute  of 
Electrical  Engineers,  to  participate  in  the  next  International  Con- 
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gress  to  be  held  under  the  auspices  of  this  Institute,  in  Chicago, 
in  1893  (at  that  time  your  delegates  were  not  informed  that  this 
<5oming  congress  was  in  the  hands  of  a  committee  of  the  World's 
Fair). 

There  were  other  matters  which  your  delegates  might  have 
added,  but  it  was  thought  best  under  the  circumstances  to  limit 
ourselves  to  only  the  most  important. 

Seeing  that  there  were  decided  differences  of  opinion  among 
acme  of  the  prominent  foreign  members  of  the  congress,  as  to 
whether  the  most  important  magnetic  unit  to  be  named  was  the 
unit  of  intensity  or  one  of  quantity  (flux),  the  chairman  of  the 
delegation  added  the  suggestion  that  both  units  be  named  and  pro- 
posed the  name  "  weber  "  for  the  latter. 

When  the  consideration  of  our  proposition  came  up  at  the  gen- 
eral session,  it  was  referred — ^together  with  the  proposition  of 
Mr.  Hospitalier  to  establish  a  uniform  international  system  of 
notation  and  conventional  signs  and  symbols — ^to  a  special  com- 
mittee, to  report  at  the  next  general  session.  This  committee 
was  appointed  by  the  chair  and  consisted  of  Prof.  Ferraris,  Chair- 
man; Mr.  Hering,  Secretary;  and  a  list  of  members  of  which  the 
following  were  present  at  the  meetings :  Braun,  Grawinkel,  W. 
Kohlrausch,  Loewenhertz,  Strecker,  TJppenbom,  (Germany); 
Ayrton,  Preece,  Silvanus  P.  Thompson, (England);  Ferraris,  Roiti, 
(Italy);  Hering,  Nichols,  (United  States);  Hospitalier  (France); 
Weber  (Switzerland). 

The  programme  of  the  congress  provided  for  almost  every 
hour,  so  that  there  was  only  very  little  time  left  (two  meetings 
of  an  hour  each)  for  the  meetings  of  this  committee.  Mr.  Hos- 
pitalier's  proposition  occupied  almost  the  whole  time  at  these 
meetings,  leaving  only  a  very  short  time  for  the  consideration  of 
our  propositions.  The  English  members  appeared  to  favor  the 
adoption  of  the  name  "  henry,"  Mr.  Preece  saying  that  he  had 
received  instructions  from  the  Koyal  Society  to  advocate  its 
adoption.  The  German,  French  and  Swiss  members  opposed  it 
on  various  grounds.  Some  thought  it  conflicted  with  the  already 
adopted  name,  "quadrant;"  others  thought  it  ought  to  be 
"  Franklin ; "  others  "  Neumann,"  and  some  did  not  acknowledge 
the  work  of  Prof.  Henry  in  this  field.  Quite  a  number  had  never 
heard  of  its  adoption  by  this  Institute.  The  names  "  gauss  "  and 
^^  weber  "  for  the  magnetic  units,  appeared  to  meet  with  general 
approval.   The  disagreement  was  as  to  what  theirjQ^j^^r\c5|j;atof^ 
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should  be.  It  appeared  to  be  preferred  to  make  them  both  10* 
absolute  units.  The  matter  of  the  normal  resistance  of  copper 
did  not  come  up  at  all  for  want  of  time. 

It  was  suggested  that  these  subjects  were  too  hnportant  to  be 
considered  hastily  during  the  few  minutes  which  were  left  for 
this  meeting.  It  was  thought  better  not  to  do  anything  than  to 
do  something  which  might  afterwards  be  regretted.  For  these 
reasons  and  seeing  that  this  committee,  (for  want  of  time  for 
preparation)  was  entirely  unprepared  to  discuss  the  subject*,  our 
propositions  were  withdrawn.  Had  there  been  sufBcient  time 
for  proper  consideration,  I  think  there  is  little  doubt  that  our 
propositions  would  all  have  been  adopted,  except  that  of  the  nor- 
mal resistance  for  copper,  which  number  the  Germans  have  no 
use  for,  because  they  usually  express  the  quality  of  copper  by 
the  conductivity  of  a  unit  of  length  and  cross-section. 

Although  our  propositions  were  not  adopted,  chiefly  on  account 
of  lack  of  time,  the  effect  of  our  making  them  has  prepared  the 
way  for  their  adoption  at  the  next  congress.  I  would  suggest 
that  the  Institute  profit  by  this  experience,  and  that,  as  the  lead- 
ing American  electrical  society,  it  ought  to  take  the  lead  in  the  mat- 
ter of  establishing  and  naming  practical  magnetic  units  and  other 
similar  international  matters,  by  considering  the  subject  now  at 
their  meetings,  making  propositions,  publishing  them  in  domestic 
and  foreign  journals,  inviting  the  aid  and  criticism  of  foreign 
electricians  and  societies,  and  in  this  way  prepare  for  their  final 
settlement  at  the  next  congress.  A  congress  is  hardly  the  place 
to  start  a  discussion  on  such  matters,  it  is  the  place  to  finally  set- 
tle a  discussion  which  should  precede  it  in  the  societies  and 
journals  of  the  leading  nations. 

In  this  connection  I  would  call  the  attention  of  the  Institute  to 
the  important  matter  of  a  universal  and  international  system  of 
notation  and  electrical  symbols.  This  subject  was  very  ably  dis- 
cussed in  a  paper  read  before  the  congress  by  Mr.  Hospitalier, 
who  has  for  years  given  the  subject  much  attention  and  has 
formulated  a  complete  system,  parts  of  which  were  adopted  at 
this  congress.  The  committee  named  above  were  instructed  by 
the  congress  to  discuss  the  subject  between  now  and  the  next 
congress  and  bring  it  to  the  notice  of  the  public  through  the 
journals,  so  as  to  facilitate  the  adoption  of  some  such  system  at 
the  next  congress.     I  would  suggest  that  this  Institute  take  up 


the   matter  in  this  country  and  that  it  take  a  l^ea^in^^art  ^i 
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Boliciting  opinione  and  criticisms  from  others;  also  that  this 
be  done  as  soon  as  possible,  as  the  question  of  an  international 
system  will  not  be  an  easy  one  to  settle. 

It  is  in  place  here  to  call  the  attention  of  this  Institute,  as  a 
promoter  of  the  next  international  congress,  to  one  of  the  faults 
of  this  congress.  There  appears  to  have  been  no  preparation 
made  for  international  business ;  besides  the  social  part  of  the 
programme  which  was  very  creditably  arranged  and  was  highly 
enjoyable,  there  was  nothing  else  but  the  reading  of  papers,  and 
of  these  a  number  were  of  such  a  character  that  it  would  have 
been  better  to  have  read  them  by  title,  or  at  least,  at  special 
meetings  designed  for  such  papers.  It  would  have  been  better 
if  all  papers  had  been  passed  upon,  beforehand,  by  a  competent 
committee  and  classed  by  them,  preference  being  given  in  time 
and  place  on  the  programme  in  accordance  with  their  merits,  and 
general  interest.  A  congress  which  people  visit  from  all  parts 
of  the  world,  is  hardly  the  place  to  spend  much  time  in  a  lengthy 
description  of  a  new  piece  of  apparatus,  a  proposed  invention, 
priority  of  inventions,  etc. 

In  conclusion,  I  wish  to  add  that  the  high  standing  of  the  In- 
stitute in  Germany  was  shown  by  the  great  kindness  and  cour- 
tesy extended  to  your  delegates  There  was  nothing  left  undone 
by  the  managing  committee  to  show  their  appreciation  of  the 
high  standing  of  the  Institute  and  to  recognize  the  part  it  took  by 
sending  a  delegation  to  the  congress.  The  Institute  will  receive 
a  copy  of  the  proceedings  when  published.  It  was  also  presented 
with  a  photograph  of  the  origiual  of  a  very  interesting  letter  of 
the  year  1830,  by  Gauss,  describing  what  was  one  of  the  first 
electric  telegi*aph8  in  actual  use. 

Respectfully  yours, 

Cakl  Hebing, 

Chairman  of  Delegation. 

Philadelphia,  October,  1891. 
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A  paptr  read  tU  the  but  Meeting 0/ the  A  mtrican 
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NOTES  ON  THE  FRANKFORT  ELECTRICAL 
EXHIBITION. 


BY   CARL   HEBINO. 


The  list  of  the  international  electrical  exhibitions  which  have 
been  held  so  far,  begins  with  the  one  in  Paris  in  1881 ;  this  was 
followed  by  the  one  in  Munich  in  1882,  then  in  Vienna  in  1883, 
and  Philadelphia  in  1884,  which  was  the  last  of  this  annual 
series  of  exhibitions.  After  a  lapse  of  five  years,  during  which 
time  there  were  none  of  importance,  it  was  followed  by  the 
Universal  Exhibition  in  Paris  in  1889 ;  although  this  was  not  an 
electrical  exhibition,  the  electrical  exhibits  formed  such  a  large 
and  important  part  that  they  may  well  be  said  to  have  formed 
the  equivalent  of  an  electrical  exhibition.  This  was  followed  by 
the  one  at  Frankfort,  held  this  year,  which  forms  the  sixth  and 
last,  and  which  is  to  be  followed  by  the  electrical  section  of  the 
World's  Fair  in  1893,  making  the  seventh.  Among  the  electrical 
exhibits  made  at  exhibitions  prior  to  the  Paris  Exposition  of 
1881  may  be  noted  the  first  exhibit  of  the  telephone,  and  a  few 
arc  lights  run  with  a  Gramme  dynamo,  both  at  the  Centennial 
Exhibition  in  Philadelphia,  in  1876;  also  a  very  small  electrical 
exhibit,  chiefly  of  telegraph  instruments  and  apparatus,  at  the 
Paris  Universal  Exhibition  of  1878. 

The  most  prominent  features  at  the  electrical  exhibitions  were 
as  follows  :  In  the  first  one  at  Paris,  in  1881,  the  chief  feature 
was. what  might  be  called  the  birth  of  the  present  electrical 
industry.  The  most  prominent  exhibits  included  large  dynamos 
of  proportions  thus  far  unknown  ;  practical  systems  of  distribu- 
tion of  arc  lamps  in  series,  and  incandescent  lamps  in  multiple 
arc,  and  practical  systems  of  telephonic  distribution.    InMunichi^ 
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the  moBt  prominent  feature  was  the  electrical  transmission  of 
power,  about  which  so  much  was  written,  though  so  little  was 
accomplished.  In  Vienna,  in  1883,  and  in  Philadelphia,  in  1884, 
there  were  no  particularly  prominent  features,  electrical  engin- 
eering having  by  that  time  developed  into  a  steadily  growing 
industry,  as  distinguished  from  one  developing  with  spasmodic 
strides  as  in  the  previous  years.  In  Paris,  in  1889,  the  prominent 
feature  ought  to  have  been  alternating  current  distribution,  but 
owing  probably  to  the  absence  of  certain  American  and  Austrian 
exhibitors,  such  systems  were  not  as  prominent  there  as  their 
importance  and  their  development  at  that  time  would  hare 
warranted.  The  alternating  current  apparatus  of  Professor 
Thomson  and  his  welding  machinery  were  unquestionably  the 
most  interesting  novel  features  at  this  exhibition.  At  the 
Frankfort  Exhibition,  the  most  prominent  feature  was  very  high 
tension  alternating  current  transmission,  and  alternating  cuirent 
motors.  What  the  World's  Fair  has  in  store  for  us  is  to  be  seen, 
but  electrical  traction  will  doubtless  be  among  the  most  promin- 
ent of  the  later  developments  in  the  electrical  industry. 

The  two  exhibitions  in  Paris  were  truly  international  in 
character;  but  in  the  others,  except  perhaps  in  the  one  at  Vienna, 
there  were  so  few  exhibits  from  foreign  nations  that  they  can 
hardly  claim  to  have  been  more  than  national  exhibitions. 

International  electrical  congresses  were  held  in  Paris  in  1881 
and  1889,  in  Philadelphia  in  1884,  and  in  Frankfort  in  1891 ;  of 
these,  the  first  did  the  very  creditable  work  of  laying  down  the 
admirable  system  of  electrical  units  and  names  which  stands  to- 
day as  the  most  simple,  rational  and  uniform  system  of  complex 
units  of  measurement  existing  in  any  branch  of  engineering. 
The  third  congress,  in  1889,  also  did  good  work  in  the  field.  The 
one  in  Philadelphia  in  1884,  and  in  Frankfort  this  year,  accom- 
plished practically  no  international  work,  leaving  all  the  more  to 
be  done  at  the  fifth  congress,  to  be  held  in  Chicago,  in  1893. 

The  Frankfort  Electrical  Exhibition  was  started,  I  understand, 
by  the  electrical  society  of  that  city ;  it  was  conducted  by  some 
of  the  leading  business  men  and  electricians  of  that  city,  and,  I 
believe,  with  some  assistance  or  recognition  from  the  government. 
It  was  therefore  more  of  a  private  rather  than  a  national  enter- 
prise. In  Frankfort  the  foreign  exhibits  were  limited  to  a  very 
few,  chiefly  from  Switzerland,  England  and  the  United  States ; 
it  can  not,  therefore,  lay  much  claim  to  having  been  in^^rj^ti^jal; 

igi  ize      y  g 


1891.]  ELECTRICAL  EXHIBITION.  551 

it  certainly  was  not,  bo  far  as  representing  the  state  of  the  art  in 
other  countries  was  concerned.  It  was  an  excellent  exhibition 
of  the  state  of  the  industry  in  Germany,  but  that  was  all. 

The  general  arrangement  of  the  grounds,  buildings  and 
exhibits  was  very  creditable.  The  grounds  and  most  of  the 
buildings  were  attractively  arranged,  with  a  view  to  giving  it  a 
pleasing  appearance  and  making  it  an  attractive  resort  for  the 
public,  with  as  many  "sideshows"  as  possible,  for  which, 
however,  an  extra  admission  was  charged.  The  average  price  of 
admission  being  only  18  cents,  and  on  Sundays  5  cents,  it  was 
visited  largely  by  persons  who  came  there  for  the  amusement, 
more  than  for  studying  the  exhibits.  I  mention  this  because 
without  these  attractive  features  it  could  not  have  been  a  financial 
success.  The  number  of  visitors  during  the  six  months  was 
somewhat  over  a  million.  The  attraction  afforded  by  some  of 
the  "  side  shows "  may  be  judged  from  the  fact  that  of  the 
visitors  at  the  exhibition,  one  out  of  every  three  visited  the 
panorama,  a  painting  of  a  transatlantic  steamer  entering  New 
York  Harbor;  the  only  electrical  feature  about  it  was  that  in  the 
evening  it  was  lighted  by  electricity. 

Among  the  popular  attractions  on  the  ground,  may  be  men- 
tioned the  following:  A  moderate-sized  theatre  with  electric 
illumination  from  accumulators,  and  a  very  complete  system  for 
manipulating  the  lights  to  produce  stage  effects.  Popular  and 
very  fully  illustrated  lectures  were  given  here  every  afternoon, 
while  in  the  evening  there  was  a  performance  consisting  of  a 
pantomime  or  ballet,  in  which  the  plot  was  a  senseless,  though 
otherwise  amusing  mixture  of  mythology  and  of  the  history  of 
electricity  from  the  frog  experiments  to  the  crowning  glories 
of  the  electric  light.  In  a  miniature  model  theatre,  the  firm  of 
Siemens  and  Halske  exhibited  a  very  complete  system  of  stage 
illumination,  capable  of  producing  very  varied  and  really  beauti- 
ful stage  effects.  This  exhibit  was  a  very  successful  one,  and 
leaves  no  doubt  that  electric  light  is  not  Ofily  the  best,  but  also 
the  only  means  for  producing  such  fine  illumination  effects  on  the 
stage.  Many  of  these  effects  could  not  have  been  produced  with 
gas  or  calcium  lights,  not  to  speak  of  the  danger  of  fire  attending 
such  an  attempt.  The  imitation  of  the  sunset,  the  alpine  glow 
and  the  rising  of  the  moon,  were  particularly  fine  and  in  some 
respects  fully  equalled  those  of  nature 
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from  the  river,  with  both  direct  and  alternating  current  motors, 
and  illnminated  internally  and  externally  with  hidden  colored 
electric  li^shts.  The  internal  illumination  was  not  a  success,  as 
had  been  demonstrated  before,  both  at  Paris  in  1 889,  and  at 
Philadelphia  in  1884,  but  the  external  illumination  was  quite  fine 
and  attractive,  though  hardly  comparable  with  the  really  beauti- 
ful effects  produced  in  the  illuminated  fountains  in  Paris  in  18S9, 
by  an  English  firm.  The  total  illumination  of  the  grounds  and 
buildings  was  somewhat  over  a  million  candles.  In  the  telephone 
building  there  was  a  long-distance  transmission  from  the  Opera 
House  at  Munich,  a  distance  of  about  200  miles.  Male  and 
female  voices  could  be  distinguished  from  each  other,  and  some- 
times even  the  different  instruments  of  the  orchestra.  Besides 
this  long-distance  transmission,  there  were  also  several  others 
from  music  halls  and  theatres  in  the  environs,  in  which  the 
transmissions  were  very  good. 

Among  the  minor  popular  attractions  were  the  following :  A 
diver  working  under  water  by  electric  light ;  a  sort  of  artificial 
race  course  for  children,  in  which  each  horse  was  operated  by  a 
separate  motor  under  the  track,  controlled  from  a  common 
platform ;  an  artificial  mine,  underground,  with  mining  drills, 
pumps,  ventilators  and  a  small  railroad  ;  electric  elevators,  rail- 
roads and  launches,  etc ;  a  boat  with  a  benzine  engine,  both 
made  entirely  of  aluminium  produced  by  an  electric  process. 
One  of  the  attractions  greatly  appreciated  by  the  public  was  not 
electrical  at  all,  being  a  series  of  workshops  in  active  operation, 
for  the  manufacture  of  goods  of  all  kinds,  in  which  the  only 
electric  feature  was  that  the  machinery  was  driven  by  electric 
motors. 

These  popular  exhibits,  together  with  two  typical  Gennan 
attractions,  viz.,  excellent  music  and  the  numerous  "  Bier 
Ilallen  "  formed  the  chief  features  for  the  public.  On  the  other 
hand,  the  exhibition  was  by  no  means  without  attractions  for 
the  electrical  engineer;  the  exhibits  which  interested  him,  far 
outnumbered  those  for  the  public.  It  may  be  said,  however, 
that  with  the  exception  of  a  few  exhibits,  there  was  little  shown 
which  was  not  already  known  to  the  engineer  through  the  foreign 
and  domestic  electrical  journals.  In  these  days  of  enterprising 
journalism,  there  is  probably  little  of  novelty  in  the  electrical 
industry  which  does  not  find  its  way  into  the  journals.  The 
electrical  journals  of  to-day  may  be  said  to  figpip^g|)^^^§^3j4aj^ent 
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electrical  exhibition.  Although  most  of  the  exhibits  were 
already  known  to  the  engineer,  through  their  published  descrip- 
tion, it  was  nevertheless  very  interesting  to  see  them,  and  exam- 
ine them  in  operation.  It  was  in  this  feature  that  the  exhibition 
was  most  interesting  to  the  engineer,  and  for  this  reason  a 
description,  such  as  could  be  given  here,  is  a  poor  substitute  for  a 
visit  to  the  exhibition  itself.  I  will  therefore  confine  myself 
here,  merely  to  some  general  statements,  leaving  detailed  descrip- 
tions to  the  journals,  where  they  more  properly  belong  and  where 
many  of  them  have  already  appeared. 

In  general,  and  with  but  few  exceptions,  there  was  one  very 
noticeable  feature  to  an  American  about  the  exhibits,  and  one 
that  is  to  a  certain  extent  characteristic  of  the  two  nations.  The 
Germans  are  very  careful,  thorough,  indefatigable  workers ;  their 
work  shows  thought,  intelligence  and  a  thorough  knowledge  of 
the  underlying  principles  (though  not  necessarily  knowledge  of 
what  has  been  done  outside  of  their  own  country),  but  they  ap- 
pear to  lack  invention.  They  will  work  out  with  much  trouble 
and  care,  the  best  theoretical  conditions  (wliich  sometimes  lead 
them  to  impracticable  constructions),  but  they  lack  the  faculty  of 
invention  which  suggests  new  practical  conditions  and  simple 
ingenious  contrivances.  The  Americans,  on  the  other  hand, 
possess  the  faculty  of  invention  to  a  great  degree,  but  their  in- 
ventions and  ideas,  although  bright  and  ingenious,  not  infre- 
quently show  the  want  of  a  fundamental  and  thorough  knowl- 
edge of  the  subject,  or  a  want  of  study  and  care  in  carrying  them 
out.  The  numerous  rejected  or  absurd  apjf  lications  in  our  patent 
office  will  show  this.  These  statements  are,  however  only  quite 
general,  there  are  of  course  many  notable  exceptions  in  both 
eases.  In  general,  therefore,  it  may  be  said  that  there  was  a 
noticeable  absence  of  novelties  among  the  exhibits  at  this  exhibi- 
tion, but,  on  the  other  hand,  the  exhibits  showed  careful,  intelli- 
gent  and  very  creditable  work. 

There  was  another  notable  feature  which  has  its  parallel,  to  a 
certain  extent,  in  the  watch  industry.  In  America  the  electrical 
industry  has  developed  to  such  a  degree  that  dynamos  and 
motors  are  made  from  the  same  templates,  and  probably  often 
with  interchangeable  parts.  They  are  kept  in  stock,  and  install- 
ations must  be  made  to  suit  these  standard  sizes.  I  am  told  that 
in  one  of  our  largest  factories,  anything  different  from  the  regular 
standard  sizes  or  designs  is  undertaken  with  great  reluctance  and 

Digitized  by  vjii^^^viv^ 


554  BERING  OF  THE  FRANKFORT  [Nov.  24, 

little  interest.  In  Germany,  on  the  other  hand,  the  dynamos,  I 
am  told,  are  as  a  rule  made  to  suit  the  installations,  and  are  varied 
in  design  to  suit  the  requirements.  In  numerous  cases  in  which 
I  wished  to  find  out  what  their  usual  practice  was,  it  turned  out 
that  there  was  no  usual  practice ;  that  the  exhibit  was  the  first, 
or  among  the  first  of  its  kind  made.  In  a  pattern  shop  of  one  of 
the  largest  companies,  I  noticed  about  six  diflferent  patterns  for 
very  large  dynamos  all  for  about  the  same  output,  which  had  been 
used  for  only  a  few  castings,  and  some  for  only  one.  Yet  they 
state  that  they  make  a  profit,  even  though  the  dynamos  are  very 
much  cheaper  than  in  the  United  States,  while  they  are  often 
fully  as  good,  if  not  better.  While  the  one  system  is  more  flex- 
ible and  undoubtedly  leads  to  a  more  perfect  development  of  the 
dynamo,  the  other,  although  it  does  to  a  certain  extent  retard 
development,  is  unquestionably  the  most  practical  method  when 
the  sales  are  large,  and  it  will  no  doubt  be  employed  there  when 
the  industry  assumes  the  proportions  it  has  assumed  here. 

There  was  still  another  feature  which  was  noticed,  and  I  men- 
tion it  here,  not  with  mere  fault-finding  intentions,  but  with  the 
hope  that  we  may  correct  a  fault  which  we  must  admit  doea 
exist,  to  a  certain  extent,  at  least.  In  America  there  is  some- 
times a  tendency  to  sacrifice  quality  of  work  for  quantity,  which 
is  a  natural  result  of  the  objectionable  practice  of  awarding  a 
contract  to  the  lowest  bidder,  and  it  is,  therefore  not  necessarily  a 
fault  of  the  manufacturers.  In  Germany,  much  pride  is  taken  in 
making  and  keeping  one's  reputation  for  doing  good  work;  so  much 
so,  that  the  name  of  a  company  and  the  quality  of  the  work  they 
have  done  has  perhaps  more  weight  in  awarding  a  contract  than 
the  price.  The  natural  result  is  that  the  work  is  more  creditably 
and  carefully  done ;  there  is  a  greater  variety  in  the  systems  used, 
and  they  are  better  adapted  to  suit  the  special  requirements  of 
the  particular  installations .  A  noticeable  feature  to  show  the 
preference  for  substantial  work  is  seen  in  one  of  the  accumul- 
ators exhibited.  Here  in  America  the  tendency  has  been  to  get 
the  greatest  possible  output  per  pound  of  weight,  or  in  other 
words  to  put  in  as  little  material  as  possible ;  the  result  is  that 
the  accumulator  here  is  a  frail,  delicate  object  which  must  be 
accompanied  by  a  nurse,  or  its  life  will  not  be  guaranteed  by  its 
maker.  In  Germany  they  have  discarded  this  policy  to  a  great 
extent.  The  accumulator  which  is  used  there  most  frequently, 
and  much  more  in  proportion  than  accumulators  are  used  here. 
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is  a  strong,  heavy,  hardy,  Plante  cell,  with  plates  so  thick  that 
they  are  able  to  stand  without  being  watched  so  carefully.  The 
result  of  this  is,  that  there  are  many  installations  and  central 
stations  there  equipped  with  accumulators.  I  call  attention  to 
this  particular  case,  as  there  is  no  doubt  that  in  the  application 
of  storage  batteries  to  central  stations  they  are  far  ahead  of  us? 
and  we  can  learn  much  from  them. 

Begarding  the  nature  of  the  recent  progress  in  the  electrical 
industry  as  exhibited  there,  it  may  be  said  that,  excepting  the 
rotary  current  systems,  there  was  no  radically  new  departure 
shown  in  any  of  the  prominent  branches.  The  exhibits,  as  a 
rule,  showed  that  the  erratic  progress  made  in  the  earlier  years, 
was  being  replaced  by  a  steady,  natural  and  healthy  progress, 
such  as  may  be  expected  in  any  important  industry,  receiving  the 
attention  that  this  one  does.  Impracticable  and  absurd  ideas  aie 
dying  a  natural  death,  and  the  wholesome  effects  of  the  law  of 
the  sui-vival  of  the  fittest  are  plainly  to  be  seen.  Although  the 
progress  of  the  introduction  of  electric  light  and  power  in  Ger- 
many, has  been  much  slower  than  in  the  United  States,  it  has 
been,  and  continues  to  be  a  steady  progress ;  the  Germans  may 
think  twice  before  they  act,  but  when  they  do  act  they  do  their 
work  well  and  thoroughly.  New  York  was  the  first  city  to  have 
a  large  local  central  station  plant  for  incandescent  lights  in  a 
small  limited  district,  but  Berlin  will  soon  be  ahead  of  New 
York  if  it  is  not  so  already,  in  having  an  extended,  homogeneous, 
well-planned,  underground  system  for  supplying  incandescent 
lights  to  a  very  large  part  of  the  city.  The  motive  there  is  not 
to  pay  the  greatest  dividends,  to  speculate  with  franchises,  or  to 
supply  politicians  with  boodle;  their  leading  object  is  to  supply 
the  inhabitants  with  a  reliable  system  of  lighting,  as  cheap  as  is 
consistent  with  thoroughness.  It  is  needless  to  say  that  in  a  well- 
regulated  government  like  that  of  Germany,  the  government 
controls  the  companies,  and  does  not  allow  itself  to  be  controlled 
by  them.  In  street  lighting,  and  doubtless  also  in  the  distribu- 
tion of  power  and  the  application  of  motors,  they  are  far  behiud 
us,  and  can  learn  much  from  us,  but  in  their  manner  of  intro- 
ducing complete  systems  of  supplying  light  in  their  cities,  we 
have  much  to  learn  from  them. 

Electric  railroads  on  the  continent  were  conspicuous  by  their 
almost  total  absence ;  yet  the  conduit  system  used  in  Budapest, 
in  Hungary,  which  is  probably  the  largest  network  of  lines  in^ 
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Europe,  is  apparently  one  of  the  most  satisfactory  of  any  systems 
in  use  anywhere,  here  or  abroad,  at  least  where  the  appearance 
of  the  streets  has  any  weight  at  all.  One  has  only  to  compare 
a  certain  place  in  Budapest,  where  there  arc  many  crossings, 
curves  and  switches,  with  a  similar  place  in  Boston,  to  appreciate 
the  difference  from  an  sesthetic  standpoint.  The  trolley  wire  is 
no  doubt  the  best  system  for  suburban  and  interurban  lines,  or 
for  small  towns ;  but  in  a  large  city,  which  takes  any  pride  in  its 
appearance,  the  trolley  wire  should  and  will  give  way  to  less 
hideous  systems. 

Proceeding  now  to  the  individual  exhibits,  it  is  not  the  place 
here  to  attempt  to  describe  them  in  detail.  I  will  confine  myself 
here  to  mere  general  remarks,  leaving  detailed  descriptions  to 
the  journals  where  they  more  properly  belong. 

The  historical  exhibits  were  quite  naturally  limited  to  those  of 
Germans.  Great  prominence  was  given  to  Soemmering,  as 
the  original  inventor  of  the  telegraph  in  1809.  His  statue  was 
seen  in  several  places,  and  his  original  apparatus  was  exhibited 
in  operation.  The  original  apparatus  of  Reiss,  the  inventor  of 
the  telephone,  the  electric  machine  of  Goethe,  and  the  original 
apparatus  of  Hertz,  were  among  the  most  interesting  historical 
exhibits. 

Among  the  many  firms  exhibiting,  the  most  prominent  was, 
no  doubt,  the  firm  of  Siemens  and  Halske,  the  largest  electrical 
manufacturers  in  Germany.  Their  field  is  apparently  nnlimited, 
as  they  exhibited  creditably  in  almost  all  the  branches  of  the 
electrical  industry.  They  appear  to  make  a  specialty  of  nearly 
every  branch,  and  in  some  of  them  they  unquestionably  excelled. 
The  firm  of  Schukert  had  the  next  largest  exhibit ;  although  not 
so  broad  in  6C0])e,  it  was  in  some  respects  possibly  more  credit- 
able. "  Helios,"  representing  the  Austrian  firm  of  Ganz  and  Co., 
CAme  next  in  order  of  size  of  their  exhibit,  which  was  limited 
entirely  to  alternating  current  machines  and  systems.  The  ex- 
hibits  of  these  three  firms,  one  at  each  end  and  one  in  the  middle, 
occupied  the  greater  half  of  the  machinery  hall.  The  Allgemeine 
Electricitsets  Gesellschaft,  of  Berlin,  and  the  Oerlikon  Co.,  of 
Zurich,  came  next  in  point  of  prominence^.  Their  joint  exhibit  of 
the  high  tension  rotary  current  power  transmission  may  be  said  to 
have  excelled  the  others  in  point  of  interest,  as  it  was  undoubtedly 
the  most  interesting  exhibit  to  the  engineer,  as  well  as  the  most 
novel.  ^  J 
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The  exhibition  of  dynamos  were,  as  a  rule,  ye^ry  creditable, 
both  as  to  workmanship,  and  particularly  as  to  absence  of  spark- 
ing at  the  brushes.  It  can  not  be  said  that  any  one  form  pre- 
dominated ;  there  was,  in  fact,  probably  a  greater  variety  of  form 
than  at  any  other  exhibition  ;  there  were  scarcely  two  alike.  A 
very  noticeable  feature  was  that  all  large  machines  were  multi- 
polar ;  large  bipolar  machines  apparently  do  not  exist  in  Ger- 
many, and  in  this  respect  they  are  doubtless  ahead  of  us.  Oae 
reason  for  this  is,  no  doubt,  that  their  large  dynamos  are  almost 
without  exception  coupled  directly  to  the  engine.  This  leads  to 
slow  speeds,  and  consequently  to  armatures  of  large  diameters, 
which,  of  course,  excludes  bipolar  fields.  In  several  prominent 
cases  the  armatures  were  outside  of  the  radial  multipolar  fields, 
a  practice  which,  I  believe,  is  not  attempted  in  this  country  at 
all.  A  happy  medium  between  the  two,  appeared  in  the  large 
fiat  ring  armature  of  Schukert,  which  combines  the  advantages 
of  both.  The  largest  dynamo  was  that  of  Siemens  and  Halske, 
having  ten  radial  poles,  around  the  outside  of  which  revolves  a 
large  Gramme  ring  armature,  ten  feet  in  diameter,  whose  exter- 
nal surface  is  bare  and  acts  as  the  commutator.  There  are  ten 
sets  of  brushes  of  three  each,  making  thirty  brushes  to  take  care 
of.  These  dynamos  have  an  output  of  600  kilowatts  at  100 
revolutions,  and  are  the  units  for  their  central  stations,  chiefly 
for  those  in  Berlin.  They  state  that  about  thirty  of  these  have 
been  installed.  The  large  alternating  current  dynamos  exhibited 
were  made  according  to  the  old  models,  with  radial  magnets.  A 
very  serious  objection  to  this  form  appears  to  be  that  the 
machines  make  a  very  loud  humming  noise,  like  a  very  low-tuned 
steam  whistle.  So  loud  was  this  noise  that  it  made  conversation 
diflSicult,  and,  in  fact,  almost  impossible  in  the  neighborhood  of 
the  large  machine,  for  which  reason  it  was  called  the  "  growler*' 
of  "grumbler"  by  the  rival  exhibitors.  Among  the  more  un- 
usual forms  of  dynamos  may  be  noted  the  Fritsche  continuous 
current,  and  the  Kingdun  alternator,  having  no  moving  wire, 
both  of  which  have  been  described  in  the  electrical  journals. 

It  appears  that  carbon  brushes  are  limited  chiefly  to  motors, 
and  especially  to  railway  motors,  where  they  appear  to  have  re- 
placed the  others  entirely.  The  form  of  brush  almost  exclusively 
used  for  dynamos  is  one  made  of  fine  copper  wire  gauze ;  an  im- 
portant feature  being  that  the  fibres  run  diagonally  and  not  cross- 
wise, thereby  avoiding  a  fraying  out  at  the  ends,  which  was 
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formerly  the  great  objection  to  them.  The  chief  adTantages  of 
this  brush  are,  that  it  is  soft  and  does  not  "scream"  like  wire  or 
foil  brushes,  and  that  it  is  easily  made ;  it  is  strange  that  it  is  not 
adopted  in  this  country.  Bearings  are,  as  a  rule,  made  with  self- 
feeding  arrangements,  like  a  ring  or  a  wick  having  an  oil  reser- 
Toir  below  the  bearing.  Speeds  are  almost  invariably  low,  and 
armatures  large.  Field  magnets  are  generally  very  short  and 
thick,  a  natural  accompaniment  of  multipolar  fields.  Large 
dynamos  are,  as  a  rule,  coupled  directly  to  the  engine.  The 
workmanship  on  dynamos  was,  as  a  rule,  very  good,  as  was  also 
the  construction,  apart  from  the  design ;  the  design  was  in  a 
number  of  cases  awkward  and  cumbersome. 

Among  the  various  systems  of  distribution  exhibited,  the 
simple  110-volt  continuous  current  system  still  leads  for  isolated 
plants.  Alternating  current  systems  are  not  used  for  smaller 
plants,  being  chiefly  limited  to  central  stations.  Arc  lamps  are^ 
as  a  rule,  run  from  the  same  mains  as  the  incandescent,  being^ 
connected  two  in  series,  together  with  a  dead  resistance.  This^ 
resistance  represents  a  dead  loss  of  power,  reaching  as  high  as  20 
and  25  per  cent.,  but  it  is  a  necessary  part  of  such  a  system,  aa 
the  lamps  often  have  shunt  coils,  which  would  be  of  no  use  as  a 
source  of  regulation,  if  there  were  no  resistance  in  series  with  the 
lamp.  Whatever  disadvantages  attend  such  an  arrangement,  it 
must  be  said  that  the  arc  lamps  burn  far  better  there  than  here. 
Our  restless,  flickering  lamps  contrast  very  unfavorably  with  the 
average  lamps  seen  at  this,  or  at  the  late  exhibition  at  Paris. 

Although  the  amount  of  power  represented  by  the  alternating- 
current  systems  was  quite  great,  the  number  of  exhibits  of  thifr 
system  were  comparatively  small,  as  compared  to  the  others,, 
showing  that  the  continuous  current  83'8tem8  still  predominate  in 
Germany.  The  largest  dynamos  of  the  alternating  type  were 
those  of  the  '•  Helios "  Company  (Ganz  and  Co.),  and  of  the 
firm  of  Siemens  and  Halske.  The  "  Helios "  Company  usea 
2,000  volts  and  about  83  alternations;  arc  lamps  and  small 
motors  were  run  indiscriminately  from  their  mains.  The  next 
most  important  system  of  distribution  was  the  accumulator  sys- 
tem,  in  connection  with  the  three- wire  distribution,  an  arrange- 
ment which  1  believe  is  seldom  used  here,  though  it  seems  to  be 
quite  common  there,  judging  from  the  exhibits.  In  this  system 
one  or  more  dynamos  of  about  250  volts  charge  two  sets  of 
accumulators  in  series,  each  of  about  1 25  volts.     These  are  con- 
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nected  to  the  three  mains  of  the  three-wire  system,  the  neutral 
wire  being  connected  to  the  middle  of  the  series.  By  means  of 
switches  connected  to  the  ontside  cells,  the  voltage  for  the  long 
and  the  short  feeders  may  be  made  greater  and  less,  respectively, 
and  the  cells  may  be  cut  out  when  fully  charged. 

The  only  important  series  system  for  arc  lamps  was  an  Ameri- 
can exhibit  by  the  Thomson-Houston  Company.  Such  systems 
may  truly  be  called  American,  as  they  do  not  appear  to  be  used 
to  any  extent  by  the  German  or  French  companies,  who  seem  to 
acknowledge  that  we  are  their  superiors  in  this  branch.  The 
result  of  the  neglect  to  develop  this  system  is,  that  in  European 
cities  arc  lamps  are  rarely  seen  in  the  streets,  at  least  when  we 
compare  their  streets  to  those  of  American  cities. 

The  series  incandescent  system,  I  believe,  was  not  represented 
at  all  at  this  exhibition.  It  also  may  be  called  a  truly  American 
system.  The  five-wire  system  was  represented,  but  it  failed  to 
leave  a  favorable  impression,  and,  as  far  as  I  could  ascertain,  it  is 
in  use  in  a  central  station  in  only  one  city,  the  home  of  the  com- 
pany advocating  the  system.     This  fact  speaks  for  itself. 

Among  the  systems  of  distribution  of  power,  may  be  men- 
tioned above  all,  the  rotary  field  system  of  the  Lauffen-Frankf ort 
exhibit.  It  is  truly  a  system  of  distribution  as  compared  to  a 
mere  system  of  transmission.  Next  in  interest  were  the  alter- 
nating current  motors,  run  from  the  "Helios"  Company's  sys- 
tem. They  were  mere  alternating  current  machines,  with  a 
rectified  current  in  the  field,  obtained  from  a  commutator.  They 
appear  to  have  a  dead  point,  at  which  they  will  not  start.  They 
make  some  noise  at  starting,  and  there  are  more  or  less  brilliant 
arcs  at  the  commutator  until  they  run  synchronously,  but  after 
that  they  appear  to  run  well.  Motors  from  1  to  5  h.  p.  will  start 
in  from  6  to  28  seconds. 

Among  the  systems  of  simple  transmission  of  power,  as  dis- 
tinguished from  systems  of  distribution,  the  largest  was  a  2,000 
volt  continuous  current  system  exhibited  by  Lahmeyer.  The 
receiver  in  this  system  was  an  ingenious  continuous  current 
transformer  of  the  motor  dynamo  type.  The  system  of  switches 
for  starting,  controlling  and  regulating  the  power,  and  for  pro- 
tecting the  apparatus  as  well  as  the  attendants,  was  very  com- 
plete and  very  creditable  to  the  designer,  but  the  whole  system 
failed  to  show  any  material  advantages  over  the  alternating  cur- 
rent systems ;  on  the  contrary,  it  left  the  impression  that  it  was 
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inferior.  Besides  these  systems  there  were  also  a  few  motors 
ruD  with  a  two-phase  rotary  field  current  using  four  wires,  by 
Schuckert.  These  motors  were  started  unloaded,  and  without  a 
field  current;  the  latter,  obtained  from  a  commutator,  was 
switched  on  when  the  motor  had  reached  synch  ronipm. 

The  exhibits  of  electric  railroads  were  meagre,  and,  with  one 
ex(;eption  (the  Budapest  system),  they  were  unsatisfactory  to  an 
American,  as  they  were  experimental  systems,  as  distinguished 
from  normal  systems.  In  this  branch  they  have  much  to  leani 
from  us. 

Among  the  tiunsformers,  there  was  apparently  nothing  of 
particular  interest.  The  firm  of  *' Helios"  have  abandoned  the 
old  form  of  Zipernowsky-Deri  (for  Faraday)  transformers,  and 
have  adopted  one  like  the  usual  forms,  in  which  the  disposition 
of  the  coils  is  a  more  practical  one.  Motor  dynamo  transformers, 
or  dynamotors,  were  quite  frequently  seen,  and  appeared  to  l)e 
used  very  much  more  frequently  than  here. 


Note. — The  remainder  of  the  paper  was  a  verbal  deftcription  of  some  of  the 
more  prominent  exhibits,  accompanied  by  slides  showing  a  number  of  interior 
and  exterior  views  of  the  grounds  and  buildings,  and  detailed  views  of  some  of 
the  exhibits,  more  particularly  of  the  Lauffen-Frankfort  transminsion  experi- 
ment, most  of  which  have  been  published  in  the  foreign  and  domestic  journals, 
and  are  therefore  omitted  here  at  the  suggestion  of  the  author.— Editor. 
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New  York,  December  16th,  1891. 

The  sixty-second  meeting  of  the  American  Institute  of  Electri- 
cal Engineers  was  held  this  date  at  No.  12  West  31st  street.  The 
meeting  was  called  to  order  by  Secretary  R.  W.  Pope. 

The  Secretary  :  — Gentlemen,  it  gives  me  pleasure  to  an- 
nounce that  we  have  with  us  this  evening  our  esteemed  Past 
President,  Professor  Elihu  Thomson,  and  in  view  of  the  fact  that 
he  is  not  very  frequently  present,  we  have  induced  him  to  pre- 
side over  the  meeting  to-night,  but  it  is  understood  that  he  will 
not  refrain  from  taking  part  in  the  discussion  should  occasion 
warrant. 

The  Chairman  [Prof.  Thomson] : — On  being  asked  to  pre- 
side this  evening,  I  protested  that  I  did  not  believe  I  was  a  Vice- 
President  of  the  Institute,  but  the  plan  seems  to  be  that  I  shall 
make  up  to  some  extent  for  my  remissness  in  the  past.  Wlien  I 
was  President  of  the  Institute  I  did  not  get  down  to  many  meet- 
ings, except  the  annual  meetings,  and  I  will  take  pleasure  in  do- 
ing what  I  can  now  to  make  up  for  that  remissness,  if  my  ser- 
vices are  of  any  use  to  the  Institute. 

The  proceedings  of  the  evening  will  commence  with  the  paper 
"  On  Polyphasal  Generators,"  by  Dr.  M.  I.  Pupin,  of  Columbia 
College. 
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ON  POLYPHASAL  GENERATORS. 


BY  M.  I.  PUPIN,  PH.  D.,  COLUMBIA  OOLLEOK. 


Few  will  deny  the  importance  of  the  polyphasal  current 
systems ;  none  the  fascination  of  their  study.  This  belief  in- 
duced me  to  present  the  following  brief  essay  before  the  Insti- 
tute. 

The  experimental  researches  in  this  new  and  promising  field  of 
electrotechnics  are  not  yet  numerous,  but  still  the  results  already 
obtained  are  of  so  decisive  a  character  as  to  leave  no  doubt  what- 
ever as  to  the  extremely  high  practical  importance  which  is 
attached  to  electrical  generators,  motors  and  transfoimers  con- 
structed according  to  requirements  imposed  upon  us  by  this  new 
method  of  combining  a  set  ofvwricMe  eled/romotive  forces.  For 
who  among  us  does  not  thoroughly  appreciate  the  beautiful  in- 
ventions of  Nikola  Tesla  and  the  completeness  of  the  success 
which  Dobrowolsky  and  Brown  obtained  by  the  practical  appli- 
cations of  these  inventions  ? 

The  exact  quantitative  relations  involved  in  the  polyphasal 
system  of  currents  are  not,  I  venture  to  say,  quite  as  well  known 
as  its  practical  results.  To  give  an  impulse  to  further  inquiry  in 
that  direction  is  one  of  the  principal  aims  of  this  modest  investi- 
gation. For  the  present  I  propose  to  confine  myself  to  the  poly- 
phasal generators  in  general,  and  particularly  to  polyphdsal  gen- 
eratm's  whose  system  of  electromotive  forces  is  capdbU  of  pro- 
ducing a  rotary  m^netic  field  of  constant  stren^h.  The  last 
point  seems  to  me  to  be  one  of  the  vital  points  in  this  new  method 
of  electrical  distribution.  It  is  in  this  particular  point  that  Mr. 
Dobrowolsky  claims  his  system  to  be  superior  to  that  of  Nikola 
Tesla. 

Let  us  consider  the  theoretically  simplest  form  of  a  polyphasal 
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^nerator,  as  shown  in  Fig.  1.  A  non-magnetizable  ring  with  n 
open  equal  coils  at  equal  distances  from  each  other  rotates  uni- 
formly through  a  perfectly  homogeneous  magnetic  field  Let 
pp'  be  the  neutral  plane  of  the  field.  At  the  instant  when  coil  1 
is  at  the  angular  distance  0  from  the  neutral  plane  pp'  the  e.  m. 
F.  generated  in  the  various  coils  will  be 

e,  =  Kmi{e+a) 

n 


e^  =  iT sin   \d  +  a+  {n~  1)^\ 


IP' 
riff.  1, 

Where  K  is  a  constant  depending,  as  is  well  known,  on  the 
field  intensity,  the  speed  of  rotation,  the  number  of  turns  in  the 
coil  and  the  area  of  the  plane  of  a  turn  ;  a  is  the  angular  width 
of  one-half  of  the  coil. 

Since 


«mi 


(#+a)+sin  («+«+^-)+ -sin  j  e+a-\-{n—\f^'  \  =0 

it  follows  that  ^  j 
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That  is  to  say,  the  sum  of  elect/romoti/oe  forces  generated  vn 
the  various  eoils  which  are  on  one  side  of  the  nevtral plane  is  nv^ 
mericaH/y  eqtuU  and  of  opposite  sign  to  thM  of  the  coils  on  the 
other  side  of  this  plane.  This  reealt  is  well  known  and  self-evi 
dent.  It  is,  however,  far  from  self-evident  that  relation  (1), 
which  I  shall  call  the  relation  of  continuity  ior  the  electromotive 
forces,  will  be  satisfied  by  every  magnetic  field. 

Close  each  coil  separately  by  conductors  of  equal  resistance 

and  self-induction.   Let  ^1,^2 c^  denote  the  currents  in  the 

n  separate  circuits.     It  is  evident  that 

Ci  =  ^  sin  (#  +  «  —  f ) 

c,=  J^8in(#  +  «  +  ??_y) 
I  n 

f,  =     rf-  sin  (<?  +«  +  2  ?5  —  ^  ) 
/  n 

c,  =  ^  sin   {  #  +  «  +  (n  -  1)|^  ^<p  [ 

Where  /  is  the  impedance  in  each  circuit  and  <p  the  angle 
of  retardation.     Hence,  we  have 

Ox  +  Ci  +  Cji+ +  6'„  =  o (2). 

That  is  to  say,  the  relatimi  of  continuity  is  satisfied  for  ths  cur- 
rents aho. 

Let  the  wires  aA^  hB nN  {Fig.  2)  represent  a  part  of 

each  of  the  n  conductors  of  this  system.  Then,  according  to  re- 
lation (2),  the  sum  of  the  currents  in  these  n  linear  conductors 
being  always  zero,  if  we  joined  them  all  into  one  conductor  there 
would  be  no  current  in  this  wire,  but  the  currents  in  the  n  cir- 
cuits would  circulate  exactly  the  same  as  before.  In  fact,  the  com- 
mon juncture  is  useless  and  can  and  should  be  cut  out. 

The  diagram,  Fig.  3,  represents  this  method  of  connecting  for 
a  three  phase  system.     Consider,  now,  n  equal  coils  distributed  at 

2r 
angular  distances  of  —  over  a  laminated  iron  ring  J5,  each  coil 
n 

being  a  part  of  the  n  conductors  coming  from  the  generator.  Di- 
agram Fig.  4  illustrates  this  for  a  three-phase  system.     Let  the  n 

currents  be  denoted  now  by  c/,  c^', c^'.     We  shall  have, 

now, 
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and  therefore 

^/  +  ^'  + +  ^/  =  o  (3) 


JFiff.3. 


'-^^3^ 


JTiff.  4, 


jriff.».  °C5ef 


The  introduction  of  the  iron  ring  with  the  7i  coils  into  the  n 
phasal  system  has  changed  the  impedance  /,  and  the  angle  of  re- 
tardation <p ;  but  this  change  is  evidently  the  same  for  all  coils. 
The  correctness  of  this  statement  might,  perhaps,  be  questioned, 
if  we  supposed  tliat  the  system  of  the  n  variable' SWents  was  it 
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any  moment  strong  enough  to  saturate  the  iron  ring,  I  therefore 
suppose  that  the  intensity  of  magnetization  in  the  ring  is  never 
over  10,000  c.  g.  s.  lines  of  force.  We  shall  presently  pee  that 
in  the  case  of  a  properly  built  generator  the  saturation  of  the  iron 
ring  will  not  vitiate  the  correctness  of  the  above  statement  in  the 
slightest. 

Let  8  ba  the  number  of  turns  in  each  of  the  n  coils.  Relation 
(3)  gives 

4r  8  g(  +  4/T  «  C2'  + +  4;:  «  Cn'  =  o       (4) 

Tluit  is  to  say  the  mag?ieto-motiv€  forces  in  the  n  coils  of  the 
ring  h  satisfy  the  relation  of  continuity,  Relation  (4)  translated 
into  physical  language  means  that  the  magnetization  in  the  iron 
ring  is  due  to  two  equal  magneto-motive  forces  working  in  myZti- 
pie  arc.  The  magnetic  field  produced  is  perfectly  sym^m^trical 
with  respect  to  the  ring  as  indicated  by  the  dotted  lines  in  Fig.  4} 

Consider  now  n  iron  ring  cores  of  exactly  the  same  dimensions 
and  made  of  the  same  material.  Let  p  be  the  reluctance  of  each 
ring.  Let  each  of  the  71  coils  be  interlinked  with  one  of  the  iron 
rings,  we  shall  have  n  homogeneous  magnetic  circuits;  and  as  long 
as  the  magnetization  of  these  rings  is  considerably  below  the 
saturation  point,  we  shall  have 

4;r  8  c/    .    4;r  s  a/    ,  ,    4/T  «  Cn'       ^ 

r + =  V 

P  P  P 

That  is  to  say  the  Tnagnetic  induction  in  the  n  magnetic  cir- 
cuits obeys  the  same  law  as  the  7i  ehctric  currents  y  we  can  there- 
fore employ  th-e  method  of  polyphasal  coyin^ction  far  the  magnetic 
circuits  also  and  we  obtain  what  the  Germans  call  a  Verkettung 
der  Magtietischen  Kreislaufe  which  may  be  translated  into  Eng- 
lish by  a  more  accurate  expression :  Polyphasal  coupling  of 
WAigiutic  circuits,  A  transformer  constructed  on  this  principle 
may  be  called  a  coupling  transformer^  to  distinguish  it  from  the 
Tesla  polyphasal  transformer. 

A  simple  consideration  will  show  that  the  field  rotates  around 
the  axis  of  the  ring  b  synchronously  with  the  rotation  in  the 
generator  which  produces  the  impressed  e.  m.  forces.  Consider  the 
armature  of  the  generator.  Since  the  ampere  turns  on  one  side  of 

(1)  Thifl  will  be  strictly  true  when  the  number  of  coils  over  the  ring  B  is 
even,  because  then  the  distribution  of  the  ampere  turns  over  the  ring  is  per- 
fectly symmetrical.  It  is  therefore  always  strictly  true  because  the  number  of 
these  coils  may  be  made  even  in  odd  number  of  phases  i^i^^l  ^^.^^p.  num- 
ber of  phases.  ^ 
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the  neatral  plane  is  always  equal  and  opposite  in  sign  to  the 
ampere  turns  on  the  other  side  of  this  plane  it  is  evident  that  the 
magnetic  field  due  to  the  ampere  turns  in  the  armature  is  fixed 
in  space  and  perfectly  symmetrical  with  respect  to  the  plane  of 
symmetry  pp^  We  can  therefore  say  that  this  field,  though 
fiosedin  »paee^  rotates  with  respect  to  the  armature  with  the  same 
arvguLa/r  velocity  with  which  the  armature  rotates  in  space.  The 
distribution  of  the  ampere  turns  over  the  stationary  ring  b  be- 
ing at  any  moment  the  same  as  that  over  the  armature  ring,  it 
follows  that  the  magnetic  field  of  b  also  rotates  with  respect  to 
B  synchronously  with  the  rotation  in  the  armature.  An  inspec- 
tion of  the  diagram  in  Fig.  4  will  show  that  wh^en  the  rotation  in 
the  generator  is  reversed  the  rotation  of  the  field  b  wiU  also  he 
reversed. 

The  strength  of  the  rotating  magnetic  fi^ld  wiU  va/ry  hecaicse 
the  strength  of  the  two  equal  magneto-motive  forces  which  are 
working  in  ^iriultijple  arc  will  "oary.  The  following  simple  con- 
sideration will  show  us  the  law  of  this  variation.  Two  cases 
must  be  considered  separately.  First,  when  n  is  an  odd  number ; 
secondly,  when  7i  is  an  even  number. 

Case  1. 
A  simple  definition  will  save  me  tedious  repetitions  of  long 
sentences.  I  define  the  sum  of  all  the  electromotive  forces 
generated  in  all  the  turns  which  are  at  any  moment  on  the  same 
side  of  the  neutral  plane  of  the  generator  as  the  resultant  im- 
pressed  e.  m.  f.  at  that  moment.  The  magneto-motive  force  of 
the  rotating  field  will  evidently  vary  according  to  the  same  law 
as  the  resultant  impressed  e.  m.  f.  To  find  the  law  of  variation 
of  the  resultant  impressed  e.  m.  f.,  consider  the  armature  of  the 
generator  when  the  angle  S  of  coil  1  is  zero.  To  make  the  rea- 
soning shorter,  I  make  now  the  angular  width  of  each  coil  equal 

to  — —  ,  so  that   the  n   coils  completely  cover  the  ring,  which 
n 

makes  a  =  —  .     If  this  angular  width  is  smaller,  then  a  simple 
n 

consideration  will  show  that  the  law  of  variation  which  I  am 

about  to  deduce  will  be  exactly  the  same.    In  the  position  just 

^ \ 

mentioned,  the  coils  1,  2, 3, will  all  be  on  the  same 
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n-\-  1 
side  of  the  neutral  plane,  whereas  coil  — — —  will  be  just  half  on 

one  side  and  half  on  the  other  side  of  this  plane.  There  is  no  elec- 
tromotive force  generated  in  this  coil.    As  the  above  mentioned 

71-1-1 

angle  6  begins  to  increase  from  zero,  coil  — -J- —  begins  to  con- 
tribute to  the  resultant  impressed  e.m.f.,  but  this  contribution  is  just 
counterbalanced  by  the  loss  due  to  the  entrance  of  coil  n  into  the 
opposite  region  of  the  neutral  plane.  The  variation  in  the  result- 
ant impressed  e.  m.  f.  is  therefore  due  solely  to   the  change  of 

position  of  the  turns  in  the  coils  1,  2,  3, — — ,  on  one  side 

and  the  corresponding  turns  on  the  other  side  of  the  neutral 

71  +  1 

plane.      This  will  be  the  case  until  coil _L has    completely 

passed  to  one  side  of  the  neutral  plane  and  coil  7i  is  just  bisected 
by   it.      During   this    interval    6  has  increased   from  zero  to 

\   — ^  =  -"-  .     The  value  of  the  resultant  impressed  e.  m.  f.  at 
n  71 

any  moment  during  this  interval  is  easily  found.  Denote  it  by 
E^  then 

E=:  ^1  -f  ^  + «n-l 

=    E   1   sin  (<?+^)+8in  «?+'-  +  ?^  )+.... 

=    A'  j  sin  (<?  +  ^)  4-  Sin  (<?  +    |^-  +  ^)  + 

»    ^    *      '•       =KM.     f +  »-  £) 

sm    ^ 

n  -^ 

Ki  cos  (0 —  --)  r^  ^ 
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It  is  evident  that  the  resultant  impressed  e.  m.  f.  Ovaries  dur- 
ing the  interval  from  6=  0  to  8  =  —  just  like  cos  (©  —  g- )  5 
that  is  to  say,  it  varies  just  like  a  simple  harmonic.  When  6  = 
— ,  E  reaches  a  maximum  which  is  equal  to  K^^  it  has  a  mini- 

271 

mum  both  when  S  =  o  and  when  S  =  -^  ,  each  of  these  mini- 

n 

ma  equals  ^  cos   -.      The  ratio  of  the  minimum  to  the  maxi- 

f  .  271 

mum  value  equals  cos  — .      For  a  three-phase  system  this  ratio 

is  .866,  and  it  diminishes  very  rapidly  as  n  increases.  It  is  evi- 
dent that  after  8  has  reached  tlie  value  —  the   armature  is,   as 

71 

far  as  concerns  the  resultant  impressed  e.  m.  f.  in  exactly  the 
same  position  as  at  the  start  when  ©  =  o.  We  conclude  there- 
fore that  ^has  2/i  equal  maxima  and  2n  equal  minima  during 
each  revolution  of  the  armature.  In  diagram  Fig.  5  these  fluc- 
tuations of  E  for  a  three-phase  system  are  represented  graphi- 
•  cally. 

Case  2. 
Similar  relations  hold  good  when  n  is  even.     The  maxima 

take  place  when  ^  =  o,  — ,      ^ ,   The  minima  when  8 

n       n 

=  —  ,  —  ,  - —  , and  the  ratio  of  any  minimum  to  any 

n        n        n 

maximum  is  cos  —  .     Since  the   magneto-motive   force  varies 
n 

According  to  the  same  law  as  the  resultant  impressed  e.  m.  f.,  it 
follows  that  the  strength  of  the  rotary  magnetic  field  fluctuates 
periodically,  having  272.  equal  maxima  and  27i  equal  minima  dur- 
ing each  revolution  and  the  ratio  of  any  minimum  to  any  maxi- 
mum equals  cos  —  .    That  is,  when  7i   is  odd,  but   when   n   is 

271 

even  then  there  are  only  n  maxima  and  n  minima  and  the  ratio 
of  any  minimum  equals  cos  —  . 
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A  poljphasal  generator  of  this  kind  wonld  produce  a  rotary 
magnetic  field  of  constant  strength  only  when  7^=  oo.  For  a  three 
phase  system  the  maximum  variation  would  be  nearly  14 
per  cent,  of  the  maximum  value.  This  agrees  perfectly 
with  Mr.  DobrowoUh/s  calculations^  hut  I  fail  to  see  h^ow 
these  calculations  could  justify  any  one  to  assume  tha/t  they 
hold  good  for  aU  types  of  polyphasal  generators  *.  The  gene- 
rator which  we  have  considered  could  be  actually  constructed 
but  its  output  would  be  so  small  in  proportion  to  its  size  that  we 
may  dismiss  it  at  once  as  an  impracticable  machine.  We  can  make 
it  practicable  by  substituting  for  the  non-magnetizable  rin^ which 
carries  the  armature  coils  a  laminated  iron  ring,  and  for  the  imi- 
form  magnetic  field,  the  magnetic  field  of  a  well  made  field  mag- 
net with  its  pole  pieces  placed  with  respect  to  the  armature  coiIr 


I    ! 


!   ! 


so    BO  ^   110   190    too   110    140   C70 


in  any  one  of  the  various  ways  sanctioned  by  practical  experience. 
But  in  a  generator  of  this  kind  the  resultant  impressed  e.  m.  f. 
will  no  longer  vary  according  to  the  law  which  I  have  pointed  out 
a  little  while  ago.  To  be  sure,  we  shall  still  have  the  same  num- 
ber of  maxima  and  minima,  as  may  be  inferred  readily  from  our 
knowledge  of  the  shape  of  the  E.M.F.curve  of  a  continuous  current 
dynamo.  We  all  know  that  this  curve  is  not  in  general  a  straight 
line,  but  a  wave  line  having  as  many  maxima  and  as  many  minima 
as  there  are  sections  on  the  commutator.  But  the  ratio  of  the  max- 
ima to  the  minima  is  no  longer  an  a  priori  calculable  quantity.  If  we 
knew  the  mathematical  relation  between  the  intensity  of  the  field 


(2)  M.  V.  Dolivo-Dobrowolsky  :     Der  Drehstrom  und  seine  Entwickelung; 
Offlcielle  AusteUungs  Zeitung,  Electricitaet,  Heft  13. 
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at  any  point  of  the  armature  surface  and  the  co-ordinates  of  this 
point  with  respect  to  the  neutral  plane  then  we  conld  calculate 
that  ratio,  but  the  amount  of  experimental  and  practical  work  in- 
volved in  this  problem  would  be  very  great.  A  much  easier  and 
practically  much  mfhore  important  problem  is  to  determine  the 
conditions  which  must  he  fulfilled  in  the  construction  of  a  poly- 
phasal  generator  J  in  order  that  it  may  he.c(xpahle  of  producing  a 
rota/ry  magnetic  field  of  praciicall/y  constant  intensity  in  the 
simplest  possible  way^  that  is  without  the  application  of  brushes 
and  com/tnutatorSj  and  also  without  employing  too  many  phases. 
Mr.  V.  Dolivo-Dobrowolsky  seems  to  think  that  a  three  phasal 
generator  is  incapable  of  doing  that,  for  he  distinctly  says  that 
such  a  generator  necessarily  produces  a  rotary  magnetic  field 
whose  strength  varies  14  percent.  He  also  states  that  (evidently 
to  obviate  these  fluctuations)  the  Allgemeine  Electricitsets  Gesell- 
schaft  employ  a  method  of  transmitting  currents  of  smaller  dif- 


/V 

■  V 
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ferences  of  phase  than  one-third  of  the  period  through  three 
wires.  In  this  point  they  claim  to  be  ahead  of  Tesla,  Bradley, 
Haselwander  and  Wenstr(»m.  In  fact  if  one  is  not  exceedingly 
careful  in  the  perusal  of  Dobrowolsky's  discussions  of  this  subject 
he  will  be  led  to  believe  that  the  rotary  field  in  some  of  Tesla's 
motors  varied  as  much  as  40  per  cent,  and  certainly  not  less  than 
14  per  cent.  I  do  nob  think  that  Mr.  Dobrowolsky  wishes  to  be 
understood  as  holding  that  opinion  ;  for  neither  he  nor  anybody 
else  excepting  Tesla  himself  can  know  what  these  variations  were. 
The  number  of  phases  employed  tells  us  nothing  definite  about 
the  range  of  these  variations. 

A  polyphasal  dynamo  which  is  capable  of  producing  a  rotary 
magnetic  field  of  constant  intensity  must  be  constructed  in  such  a 
way  that  its  resultant  magneto-motive-force  must  remain  constant 
as  long  as  speed  and  the  magnetic  field  of  the  field  magnets  re- 
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main  constant.  As  long  as  the  variable  electromotive  force  de- 
veloped in  each  coil  follows  the  law  of  a  simple  harmonic  that,  re- 
sult can  never  be  accomplished  by  a  finite  number  of  phases,  but 
it  may,  perhaps,  be  accomplished  by  producing  in  each  coil  a 
variable  electromotive  force  which  varies  according  to  some  de- 
finite complex  harmonic  law.  In  a  well  made  commercial  ma- 
chine the  electromotive  forces  developed  in  the  various  turns  of 
the  armature  always  vary  according  to  some  such  a  law.  The 
form  of  this  complex  harmonic  law  depends  on  the  form  of  the 
magnetic  field  of  the  field  magnets  and  also  on  the  distribution 
of  the  coils  over  the  armature.  The  problem  that  remains  to  be 
investigated  consists  therefore  of  three  parts  :  Ist.What  must  be 
the  particular  form  of  the  complex  harmonic  e.  m.  f.  developed 
in  each  coil  of  a  polyphasal  generator,  in  order  that  both  the  con- 
dition of  continuity  be  fulfilled  and  also  that  the  resultant  im- 
pressed E  .M.  F.  be  continually  constant.     2nd.  What  form  of  the 


rig.  10. 


magnetic  field  of  the  field  magnets  will  be  capable  of  producing 
such  an  e.  m.  f.  3d.  Can  a  continually  constant  resultant  e.  m.  f. 
produce  a  rotary  field  of  constant  strength. 

Ist.  The  first  part  of  this  problem  is  purely  mathematical.  In  a 
paper  read  before  the  New  York  Mathematical  Society  I  indicated 
a  method  of  discussing  this  part  in  a  general  way,  and  worked  out 
completely  two  particular  cases,  namely  the  cases  of  a  three  and 
four  phasal  system.     The  paper  is  given  in  the  appendix. 

2d.  For  a  three  phasal  system  the  form  of  the  complex  harmonic 
E.  M.  F.  given  in  Fig.  7.  will  satisfy  all  the  conditions.  The  form 
A,  B,  0,  E,  F,  given  in  Fig.  8,  is  only  a  particular  case  and  ought 
to  be  aimed  at  in  the  construction  of  the  machine. 

When  there  are  only  three  turns  within  a  space  through  which 
the  armature  moves  with  respect  to  the  field  during  the  time  that 
corresponds  to  a  complete  period  as  in  the  case  of  the  Lauffen 
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generator  (see  Figs.  11  and  12),  then  the  field  of  the  field-magnets 
must  be  constant  in  intensity  during  an  angle  which  corresponds 
to  one-sixth  of  the  period.  I  have  indicated  that,  in  the  diagram 
Fig.  9.  In  the  case  of  bipolar  three  phasal  generators  as  indicated 
in  the  diagram  Fig.  10,  where  we  have  six  coils,  the  diametrically 
opposite  pairs  being  connected  in   series ;  the  pole  faces  must 
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have  an  angular  width  of  120  degrees  and  the  field  must  be  con- 
stant in  intensity  within  the  region  bounded  at  any  moment  by 
the  armature  and  the  pole  faces.  This  is  a  practical  problem 
oflEering  no  serious  ditficulties  judging  from  the  experimental 
results  obtained  bv  S.  Thompson,  Isenbeck,  Mordey  and  others. 
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and  also  from  the  experimental  reenlts  obtained  lately  by  a  gradu- 
ate of  our  school,  Mr.  Freedman,  John  Tyndall  Fellow  of  Colum- 
bia College. 

The  curve  of  impressed  e.  m.  f,  which  must  be  produced  in  the 
case  of  a  four  phasal  generator  is  given  in  Fig.  13,  and  needs  no 
further  commentary.  Larger  number  of  phases  offer  no  speci&l 
advantages  whereas  the  disadvantages  arising  from  employing  a 
large  nuruber  of  phases  are  self-evident. 

3d.  When  a  coil,  in  which  a  simple  harmonic  e.m.f.Is  developed 
is  closed  by  a  resistance,  whether  self-inductive  or  non-self- 
inductive,  the  current  which  is  set  up  in  the  closed  circuit  will  be 
a  simple  harmonic,  having  therefore  all  the  characteristics  of  the 
impressed  e.  m.  f.  This,  however,  is  not  necessarily  the  case 
when  the  impressed  e.  m.  f.  is  a  complex  harmonic.  A  complex 
harmonic  e.  m.  f.  is  composed  of  a  large  number  of  simple  har- 
monic E.   M.  forces  of  different  frequencies,  all  the  higher  fre- 
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quencies  being  multiples  of  the  fundamental  frequency.  When^ 
therefore,  a  coil  in  which  a  complex  e.  m.  f.  is  generated,  is  closed 
by  a  conductor,  and  the  current  is  started,the  current  will  be  also 
a  complex  harmonic,  each  simple  harmonic  component  of  the 
complex  harmonic  e.  m.  f.  producing  its  own  simple  harmonic 
current  which  is  a  component  of  the  resultant  complex  harmonic 
current.  But  since  the  component  simple  harmonic  e.  m.  forces 
have  each  a  different  frequency,  it  follows  that  they  will  have  a 
different  impedance  and  the  shifting  of  phase  will  be  also  differ- 
ent for  each  component  current,  currents  of  higher  frequency 
having  a  larger  shifting  in  phase  and  also  the  ratio  of  the  ampli- 
tude of  any  one  of  the  component  currents  to  the  amplitude  of 
any  other  component  of  lower  frequency,  being  smaller  than  the 
ratio  of  the  amplitudes  of  the  corresponding  component  e.  m. 
forces.     In  this  respect  the  propa&^ation  of  the  complex  harmonic 
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cnrrent-waYe  resembles  very  much  the  propagation  of  a  complex 
harmonic  sound-wave  or  a  complex  harmonic  light-wave  throngh 
an  absorptive  medium  like  air.  The  component  simple  harmonic 
waves  of  Hght  and  sound  will  in  general  sufier  the  less  through 
the  transmission  the  longer  their  wave-length.  Just  as  the  sound 
and  light-waves,  after  such  a  transmission,  lose  a  great  many 
characteristics  of  the  original  vibration  which  produced  them,  so 
an  electric  wave  in  its  transmission  through  a  conductor  possess- 
ing ohmic  resistance  and  electro-magnetic,  not  to  speak  of  the 
electro-static,  inductance  will  lose  a  great  many  characteristics  of 
the  impressed  e.  m.  f. 

To  put  this  into  simple  symbolic  language  of  mathematics, 
Let  Z  be  the  coefficient  of  self-induction  of  the  circuit, 
"     a  be  the  total  resistance, 

00 

"    K^^  a^g^  Qin  m  p  t  he  the  complex  harmonic  impressed 

E,  M.  F.  where  J?  =  2;r  X  fundamental  frequency, 
"    X  be  the  value  of  the  current  at  any  moment  t 
We  shall  have,  then, 

00 
Z     •  -^    +  H  X  =   ^5ni  »m  sin  ^i?  t. 

(it  1 

The  solution  of  this  differential  equation  gives 

00 

where  tan  ^m  =  — f^ — 

The  current  a?  is  a  complex  harmonic,  its  component  simple 
harmonic  currents  being 

«  =  aji  -f  ar2  + +  a^m  + <^^  infin. 

The  current  x^  =     -=^  —^^  sin  {apt^-ip^) 

ap  L 

Let  jFbe  the  impressed  e.  m.  f.,  then 
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The  component  simple  harmonic  e.  m.  f.  e^  is  given  by 
e^   =  a^  sin  apt 

These  relations  give  an  exact  quantitative  expression  to  the 
preceding  physical  description. 

These  considerations  made  me  hesitate  at  first  in  taking  as 
granted  that  a  polyphasal  generator  producing  complex  k.  m. 
forces,  such  as  I  deduced  mathematically  in  the  course  of  my  pa- 
per, would  be  capable  of  producing  a  rotary  magnetic  field  of 
constant  intensity.  But  I  was  glad  to  find  out  that  my  hesitation 
was  groundless,  at  any  rate  in  certain  particular  but  important 
cases. 

Consider  the  three-phasal  generator  whose  diagram  is  given  in 
Fig.  10.  Take,  now,  another  ivell-laminated  armature  wound 
in  a  similar  way  as  the  armature  of  the  generator.  Connect  the 
three  pairs  of  coils  of  the  generator  to  the  three  sets  of  coils  in 
armature  2.  We  shall  have  three  separate  circuits,  the  ohmic  re- 
sistance and  the  self  and  mutual  inductance  in  each  circuit  being 
the  same.  Denote  by  E^  K^  E^  the  three  complex  harmonic  e.  m. 
forces  in  the  three  circuits.  Let  a?,  y,  z  be  the  currents  at  any 
moment.     Then  we  shall  have 

^    dx         ,^  dy         ^,  dz         _  „ 

^    dz  ^'    dx  ^^  dy  ^  _ 

But  since  j^j  -|-  J5J  +  ^  =  o  for  all  values  of  t  it  follows  that 

J^-dii?'  +  y  +  ^)  +  ^^  -dt^^  +  y  +  ^)  +  ii{«-\-y  +  ^) 

=  o   for  all  values  of  t     This  can  be  true  only  if 

^  +  y  +  ^  =  0 

for  all  values  of  t.  That  is  to  say,  the  currents  fulfill  the  condi- 
tion of  continuity.  We  can  tlierefore  employ  the  method  of 
polyphasal  connection.  Substitute  now  in  the  first  of  the  three 
diiferential  equations 

2  =  —(x  +  y) 
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and  we  obtain 

{L  —  M)  -T:-\-Iix=Ey  =  K  ^^  a^  sin  mpt 

1 

The  solution  of  this  equation  gives 

00 

1       \  Ic  -\-7nr p^  {L  —  Jz)' 
Similarly 

.,  -  TT  ^       "^ sin  j  m  (j>t+^)-fJ  \ 

^_7r5       """^ sin    )m(i?^+-^)— ^ml 
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In  the  case  under  consideration  both  Z  and  J!f  are  pretty 
small  when  the  metallic  parts  of  the  magnetic  circuits  are  near 
the  saturation  point,  so  that  Z  —  Jf  is  small,  and  w?  j^{L  —  Mf 
may  be  small  in  comparison  to  B^  even  for  large  values  of  niy 
unless  the  frequency  is  very  high.     Also,  since 

mp{L  —  M) 
tan  <p^  = -^ 

^m  is  exceedingly  small  unless  p  is  very  large,  we  shall  have  for 
moderate  frequency  generators 

and  similarly  for  y  and  z.  The  same  method  of  reasoning  may 
be  easily  applied  to  any  number  of  phases.  The  mathematical 
operations  will  be  considerably  larger,  but  still  the  same  results 
will  be  deduced  without  much  diificulty. 

That  is  to  say,  the  curves  for  the  currents  are  the  same  com- 
plex harmonics  as  those  of  the  impressed  e.  m.  f.  The  currents 
therefore,  produce  a  rotary  magnetic  field  of  constant  in- 
tensity ;  this  is  evidently  true  even  if  these  currents  produce  a 
saturation  in  the  iron  part  of  the  magnetic  circuits 

The  resemblance  between  a  polyphasal  generator  and  a  con- 
tinuous current  dynamo,  which  these  relations  bring  into  view,  is 
exceedingly  striking  and  instructive.  ^,g,^,^^^  ^^  ^^ v^^lc 


578  PUPIN  ON  P0L7PHA8AL  QBNBRAT0R8,         [Dec.  16, 

The  advantages  gained  from  a  poljpliasal  generator  capable  of 
producing  a  rotary  magnetic  field  of  constant  intensity  would  be 
very  much  diminished  indeed  if  it  should  turn  out  that  it  is  im- 
possible to  devise  a  simple  and  efficient  method  of  transformation ' 
by  means  of  which  the  polyphasal  system  of  currents  producing  a 
rotary  field  of  constant  intensity  (a  constant  rotary  field  system) 
can  be  transformed  any  number  of  times  without  losing  its  dis- 
tinguishing characteristic.  I  intended  to  discuss  this  problem  also, 
this  evening  but  having  been  disappointed  by  the  mechanician 
who  is  constructing  several  pieces  of  apparatus  illustrating  this 
problem  I  decided  to  postpone  this  discussion  to  some  other  time. 

To  sum  up : 

1st.  The  consideration  of  simple  harmonic  impressed  e.  m.  f's 
does  not  tell  the  whole  story  of  the  polyphasal  generators. 

2nd.  The  law  of  variation  of  the  strength  of  rotary  magnetic 
field  which  a  polyphasal  generator  can  produce  is  not  as  simple 
as  Mr.  V.  D.  Dobrowolsky  thinks. 

3rd.  Polyphasal  coupling  transformers  must  be  worked  at  low 
magnetizations  and  low  frequencies,  otherwise  they  will  not  satis- 
fy the  condition  of  continuity.  It  follows,  therefore,  that  they 
will  probably  be  very  large  for  the  output  which  they  can  give. 

4th.  It  is  very  probable  that  nearly  constant  rotary  magnetic 
fields  can  be  produced  in  practice  by  a  small  number  of  phases ; 
perhaps  not  more  than  three. 

(3)  Not  only  traaa  formation  of  the  power  supplied  by  the  generator  into  elec- 
trical power  of  higher  or  lower  potential,  but  also  transformation  of  this 
power  into  mechanical  power.  This,  of  course,  leads  into  the  discussion  of 
rotary  magnetic  fields  produced  under  practical  conditions. 
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ON   A   PEOULIAR    FAMILY   OF   COMPLEX   HARMONICS. 
Kead  before  the  New  York  Mathematical  Society,  December  5.  1891. 

The  following  investigation  was  suggested  by  the  practical 
problem :  Can  a  polyphasal  generator  be  constructed  which  will 
be  capable  of  producing  a  rotary  magnetic  field  of  constant  inten- 
sity ?  It  seems,  therefore,  sufficient  for  the  present  to  discuss 
only  those  features  of  the  mathematical  side  of  this  question 
which  have  a  direct  bearing  upon  its  practical  side. 

The  mathematical  theory  of  polyphasal  generators  involves  a 
discussion  of  harmonic  functions,  or  ha/prrwnws^  to  use  a  shorter 
expression. 

A  simple  hami/)nic  is  defined  by  the  following  expression : — 
a  -\-  h  hin  {x  -\-  a). 

This  harmonic  differs  in  phase  only  from  the  harmonic 
a  -{-  b  sin  X. 

The  angle  a  is  called  their  difference  of  phase. 

A  complex  harmonic  is  defined  by  the  following  expression  : 
n  m 

2  a^  sin  a  a?  +  2  C^  cos  a  x 
0  o 

If  n  and  m  are  infinite  the  complex  harmonic  is  sometimes 
called  infinitely  complex.     The  multiples  a  are  integral  numbers. 

Consider  a  periodic  function  f  (x)  whose  period  is  27r=^.  If 
this  function  with  its  differential  coefficients  is  finite,  continu- 
ous and  singly  valued  for  all  values  of  a?,  with  the  exception  of 
certain  values  which  are  at  finite  distances  from  each  other, 
and  if  in  addition 

/(—  ^)  —  —/(a?)  ^^^fip)  —  0, 
then  by  Fourier's  theorem 

y  (a?)  =  «!  sin  a?  4"  <^2  si°  2^  +  ^  sin  3a?  + 

+  «in  sin  m  a?  4"  ^  in/?7i. 

2       ^ 
where  a  m  =  -^r   C  f  (^)  ^^^  ^  ^  ^^ 
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It  is  required  now  that  f  (x)  fulfill  the  following  two  condi- 
tions : 

l8t,    fix)  +/ix  +  ~)+f{x  +  2  f )  + 


(p 
+y  [a?  +  {n  —  1)  — ]  =  o  for  all  values  of  x 

2d,    f{x)+f{x+^)+fix-\.%-^)-\- 

n  —  1  ^ 

+/  {x  +  — ^ )  =  const,  for  all  values  of  x  betw.a 

and   -   -   when  n  is  odd,  and 

/(«')+/('«+  ^)  + +f{x  +^-  ^)  =  const. 

for  all  values  of  x  betw.  o  and  —   when  n  is  even. 

n 

The  coefficients  aj  o.^ <^ can  of  course  be  always 

so  determined  as  to  fulfil  not  only  these  two,  but  also  any  other 
number  of  possible  conditions. 

The  first  condition,  which  I  call  the  condition  of  continuityy 
can  be  written 

Oisin  X  -\-  a^Qin  2  X  -{■ -^  a^^^  Bin  m  x  -\- 

+     ^  sin  {x  +-^-)  +  oa  sin  2  (a?  +  J  )    +   

<p 
+  amsmm{x  +  — )  + 


+ 

+   

+     ^1  sin    I  a?  +  (ti  —  1)  _£  t   -|-    

+  «m  sin  m  I  a?  +  (^  —  1)  —  [   + =  ^ 

Qo  ^  n  —  1  (p  m  (f 

r.^  ^    ^    ^^^  m  (x  4-  —Ti —  — )  sm      q- 

or    ^2n.  «m  ^        ^  2         n    ^  2         _  ^ /^x 

^  ,       m       <p 

^^^     ~2  n~  Uigtized  by  Google 
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This  function  I  call  the  resvUant  of  n  identical  eomponent 
Aa/nnonicsf(x\  differing  from  each  other  in  phase,  only,  by  one 
nth  of  the  period.  It  is  evident  that  every  term  in  the  resultant 
vanishes,  excepting  those  terms  whose  multiple  of  x  is  divisible 
by  n.     The  resultant  can  therefore  be  written 

Since 


4 
C    =  —      PJB  (x)  uin  an  X  dx 


it  follows  that  if  F  (^r)  =  o  for  all  values  of  x  betw.  a?  =  o  and 
x  =  — -  then  every  coefficient  C^  is  zero.     TTiat  is  to  say^  f  (x) 

vyiUfvljil  the  condition  of  co7itinuity  if  it  contains  no  terms  of 
the  form  a^  sin  m  x  where  m  is  divisible  hy  n. 

Those  acquainted  with  the  theory  of  dynamo-electric  machin- 
ery will  easily  translate  this  into  the  following  physical  lan- 
guage :  77ie  al^gebraioal  sum  of  aU  the  electromotive  forces 
generated  at  any  momeiit  in  the  various  coils  of  a  polyphasal 
dynamo  will  not  necessarily  fulfil  the  condition  of  continuity; 
that  is^  will  not  necessarily  vivaish.  The  form,  of  the  magnetic 
field  must  be  such  that  the  harmonic  electromotive  force 
generated  in  each  coil  does  not  contain  in  its  mathematical  ex- 
jpression  a  midtiple  of  the  variable  angle  which  is  divisible  by 
the  number  of  the  phases. 

The  first  part  of  the  second  condition  can  be  written 

ttj  sin  a?  -j-  tf,  sin  2  .r  + +  ^m  sin  m  .r  + 

-f  a,  sin  {x  +  - -)  + +  a„  sin  m  (./-+—)  + 


+   

+   

n  —  1    (D  n — 1  a> 

+  «,  sin  {x  +  ^—  — )+ +  aa,smm(+  x  -^  ^) 


+ =  const. 
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^                                ;/  —  1  ^           m  (71  -]-  \)   if 
or  5     «iii  sin  t/i  (^  +  — ^ —  - )  sin   -. - 

sin     -7    — 
for  al]  values  of  x  between  ./•  =  o  and  ./♦  =  A  — 


The  second  part  of  this  condition  may  be  written 

c     . .    . .  (2) 


00  .         /      ,   "  —  2  f  (p 


sin  —    ^ 

for  all  values  of  >  betw.  a?  =  o  and  a?  =  — 

n 

From  these  two  relations,  I  infer  the  following  physical  theo- 
rem :  If  the  terminals  of  the  armuture  voils  of  a  polyphasal 
dynamo  capahU  of  producing  a  constant  resultant  rotary  Im- 
pressed E.  M.  F.  he  connected  to  a  commutiitor  and  the  machine 
he  run  as  a  direct  current  dyruimOy  it  will  give  an  ahsolutdy 
constant  electromotive  force^  speed  and  field  intensity  being 
maintained  constomt. 

It  must  be  observed,  however,  that  in  the  case  when  the  num- 
her  of  phases  is  an  odd  numher^  th^n  the  armature  should  have 
twice  as  rnajiy  coUs  as  th^re  are  phases^  and  wh-en  the  inachine 
is  run  as  a  polypluisal  dynamo^  then  the  diametrically  opposed 
pairs  are  connected  in  series. 

Relations  (1)  and  (2)  enable  us  to  determine  in  each  case  the 
simplest  forms  of  the  component  harmonics  which  will  satisfy 
these  two  relations.  As  the  simplest  forms  I  define  those  forms 
which  can  be  produced  in  polyphasal  generators  by  the  simplest 
devices  of  construction. 

Particular  Cases. 

Any  further  general  discussion  would  have  only  an  indirect 
bearing  upon  the  practical  side  of  the  problem  which  I  propose 
to  discuss  at  present.     I  therefore  pass  to  particular  cases. 

Let  n  —  % 

The  aboverelation  gives  o,.zedbyGoOgle 
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for  all  values  of  x  between  cr  =  o  and  x  =  n. 

except  when  x  =  o  and  x  =^  it. 

This  solution  has  no  practical  value.     I  therefore  dismiss  it. 

Let  n  =  3. 

The  relation  given  above  reduces  to 

^  ;:  2;r 

^^  a„,  sin  m  {x  +  — )  sin  m  — 


1 


sin    -TT- 


1 

TT 

for  all  values  of  ./*  betw.  ;/*  =  o  and  x  =  —^r-  . 

Since/'  (a?)  has  only  two  conditions  to  fulfil,  all  the  coefBcients 
u^^  where  m  is  an  even  number,  may  be  suppressed  and  still  leave 
more  than  a  sufficient  number  of  coefficients,  their  number  being 
infinity.     In  that  case  the  last  relation  reduces  to 


00 
or  5m  «m  sin  m  c  =  c 

1 

T.  2;r 

for  all  values  of  c  betw.  f  =  —  and  f  =  -r— . 

That  is  to  say,  the  function/* (;/•)  itself  must  be  such  as  to  have 

,      ,  -         ,  27r 

a  constant  value  between  ar  =  -^  and  a?  =  -^    and,   therefore, 

4  5 

also  between  x  =  -3-;:  and  x  =  -^-;r. 
o  «} 

2- 
Since/ (a?) +/(./■  +   —    )  =  const,  for  all   values   of  x  be- 
tween x  z=z  o  and  .r  =~^  ,   I  infer  that  the  curve/*  (.^•)  may  have 
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any  one  of  those  forms,  one  of  which  is  given  in  Fig.  7  (of  the 
preceding  paper).  That  is,  the  curve  is  symmetrical  both  with 
respect  to  the  axis  of  x  and  also  to  the  bisector  A  B  and  A'  B' 
of  the  upper  and  lower  maxima. 

The  curve  given  in  Fig.  8  (of  the  preceding  paper)  would 
perhaps  be  aimed  at  in  the  construction  of  polyphasal  dynamos. 
Its  equation  is 

y  (a?)  =  K  (sin  x  —  — j^    sin  5  a?  +  -^  sin  7.^J  —  :j-j^  sin  11  x 

+ ) 

Let  n  =  4 
Equation  (2)  gives 

1^  2  ^ni  sin  m  {,t  +  ^)  cos  m  ;r  =  c 

and  therefore 

5 —  -  cos  m  (x  -\ — 7-)  COS  m  -~  —  —  c  (x -) 

^    m  4  '  4  4  ^ 

c  c        ,    c  ;r 

""^   2  ^-^^+  T 


for  all  values  of  x  between  x — ^  o  and  x  —-  - 


The  last  equation  can  also  be  written 

—^  cos  mx  —  ^  — ^  sm  m  - 
m  ^  m  2 


c  c    ,  7t. 


This  relation  enables  us  to  determine  the  form  of  the  com- 
ponent complex  harmonic  f unction^  {x)  which  will  fulfil  all  the 
conditions.  It  is  easily  seen  that  there  is  in  this  case  just  as  in 
the  case  of  three  phases  an  infinitely  numerous  family  of  com- 
plex harmonics  which  will  fulfil  these  conditions.  The  simplest 
harmonic  is  obtained  by  putting 

>  -?  cos  m  ar  = -{x .) 

^^  m  2  2  r^  A 
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-  .  ^  =-  —  ^   /  X  COB  mx  dx  -^ — J-    /  cosmx  a  X 


o 
c 

2  7/^2 


and  therefore 


<^« 


2c 

m  TT 


I  conclude  therefore  that  the  harmonic 

y, ,  X       sin  X       BmS  X   ,   sin  5  a?       sin  7  a; 


32 


5^ 


+  . 


.0^2  hnjfi/a. 


fulfils  all  the  conditions.  Its  form  is  given  in  Fig.  14.  (It  is 
only  a  special  case  of  the  curve  given  in  Fig.  13  of  the  preceding 
paper.) 


if  i\  -H^ 


Fl«.  14. 

The  component  harmonics  fulfilling  these  conditions  may  be 
deduced  similarly  for  any  other  value  of  n.  But  as  the  problem 
which  I  originally  proposed  to  myself  does  not  extend  beyond 
these  limits  which  I  have  just  reached  I  prefer  to  postpone 
further  considerations  of  the  subject. 

The  character  of  these  curves  points  out  clearly  the  physical 
fact  that  it  is  an  easy  matter  to  construct  three  and  four  phase 
generators  which  will  be  capable  of  producing  a  constant  resul- 
tant impressed  e.  m.  f.  Whether  such  generators  will  also  be 
capable  of  producing  a  rotary  magnetic  field  of  practically  constant 
intensity  is  a  problem  which  I  propose  to  discuss  in  a  series  of 
papers  which  will  be  presented  shortly  before  the  American 


Institute  of  Electrical  Engineers. 
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Discussion. 

The  Chairman  [Prof.  Thomson]  : — You  have  heard  the  inter- 
esting and  instructive  paper  by  Dr.  Pupin.  I  would  say  that  it 
is  perhaps  the  first  exposition  of  some  of  the  principles  underly- 
ing this  system  of  polyphasal  transmission  that  I  have  seen,  and 
I  nope  that  the  discussion  may  be  indulged  in  by  the  members  so 
that  we  may  liave  some  points  cleared  up  by  those  conversant 
with  the  subject.     It  is  now  open  for  discussion. 

Mr.  Chas.  p.  Steinmetz  : — Having  had  the  pleasure  of  hear- 
ing Prof.  Pupin's  paper  at  the  New  York  Mathematical  Society 
some  days  ago,  I  might  be  allowed  to  make  the  same  remark  1 
made  there— that  it  would  be  perhaps  more  advisable  to  use  a 
shape  of  the  electromotive  force  similar  to  Fig.  7,  than  the  shape 
in  Fig.  8,  because,  as  you  see,  in  shape  Fig.  8  the  curve  has  a 
sharp  corner,  and  even  ii  we  could  produce  waves  of  electromo- 
tive force  that  have  sharp  corners,  it  can  hardly  be  expected  that 


Fig.  15. 

we  can  derive  from  such  a  sharp-cornered  e.  m.  f.  a  current  which, 
after  being  sent  through  step-down  transformers,  over  lines  of 
considerable  electrostatic  capacity,  and  again  through  step-down 
transformers  into  a  motor  of  high  self-induction,  would  still  have 
retained  this  sharp-cornered  shape.  But  the  theory  requires  that 
the  electric  current  in  the  motor  has  the  shape  given  in  Figs.  B 
to  8.  Even  if  the  e.  m.  f.  had  the  shape  of  Fig.  8,  the  current  in 
such  a  highly  inductive  circuit  would  differ  considerably,  having 
lost  the  sharp  corners,  etc.  Hence  Fig.  8  would  be  less  com- 
mendable. But  the  shape  of  Fig.  7  might  easily  be  chosen,  so 
that  there  would  be  no  sharj*  corners,  but  a  steady  and  continuous 
variation,  as  shown  in  Fig.  15.  . 

Then,  with  regard  to  the  equations  of  the  currents  a?,  y,  2,  on 
page  576, 1  wish  to  make  a  remark.  As  stated  by  Dr.  Pupin,  the 
complex  harmonic  of  the  electromotive  force  pp||ji^)^jEy\gCT^t 
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which  is  a  complex  harmonic  too,  and  it  is  identically  the  same 
complex  harmonic  as  long  as  the  circuit  has  no  self-induction  and 
no  capacity  or,  what  amounts  to  the  same,  as  long  as  self-induction 
and  capacity  have  a  certain  ratio  with  each  other.  But  as  soon 
as  the  circuit  has  self-induction,  the  complex  harmonic  of  current 
differs  from  the  complex  harmonic  of  electromotive  force,  and 
differs  the  more,  the  heavier  the  self-induction  of  the  circuit  is,  by 
the  decrease  of  the  higher  terms  of  this  infinite  series  of  simple 
harmonics  which  constitute  the  complex  harmonic  of  electromo- 
tive force,  these  having  a  high  self-induction  ;  and  therefore  if  we 
produce  such  a  type  of  electromotive  force  and  let  it  send  a  cur- 
rent through  an  inductive  circuit,  it  will  probably  break  to  pieces 
entirely  and  show  a  current  resembling  a  simple  sine- wave  as 
closely  as  one  egg  to  another.  In  the  equations  for  x,  y,  0,  on 
page  576,  as  the  condition  that  the  shape  of  the  current  does  not 
differ  from  the  shape  of  the  eleetromutive  force,  was  found  that 
the  second  term,  7n^j)^  (Z  —  Jf  f,  can  be  neglected  against  the 
first  term,  /jf^.  This  means,  in  plain  language^  that  the  shape  of 
the  current-wave  is  the  same  as  that  of  the  k.  m.  f.,  if  the  self- 
inductlan  ofth^  circuit  is  negligihle.  For  the  first  term,  i?,  is  the 
resistance  y  the  second  term,  7np  (Z  —  M ),  is  the  iiidii dance  oi 
the  circuit. 

Hence  neglecting  the  second  term  means  neglecting  the  induc- 
tance— that  is,  it  means  that  the  motor  circuit  has  no  self-induc- 
tion. Now,  anybody  who  ever  tried  to  design  an  alternating  mo- 
tor, has  found  out  to  his  disgust,  generally,  that  the  self-induction 
of  such  a  motor,  even  under  the  most  favorable  conditions,  is  any- 
thing but  negligible.  Unfortunately,  I  could  not  get  any  data  on 
these  rotary  motors,  but  on  some  other  alternate  current  motors  I 
can  give  data.  In  the  Ganz  and  Company  synchronous  motor,  the 
plant  efliciency  is  claimed — by  the  manufacturers — to  be  90  per 
cent.  This  unusually  high  plant  efficiency,  this  nnusvaVy  low 
retardation,  might  be  explained  by  the  fact  that  the  motor  is  syn- 
chronous and  the  field  fed  by  rectified  alternate  currents,  that 
only  the  self-induction  of  the  armature  is  in  circuit,  and  the  field 
adds  no  self-induction  whatever.  Furthermore,  that  the  frequency 
used  in  those  motors,  42  periods  per  second,  is  somewhat  less 
than  the  one-third  of  the  frequency  of  our  American  alteraators. 
If  this  current  were  a  complex  harmonic  we  would  have  in  the 
main  wave  26  degrees  retardation  and  90  per  cent,  plant  efliciency 
— that  is,  the  intensity  of  the  current  would  be  90  per  cent,  of 
that  value  it  would  liave  with  no  self-induction  present.  The 
second  harmonic  has  only  the  plant  efliciency  of  72  percent.;  the 
third  harmonic  of  7,  the  fourth  of  47,  the  tenth  only  20  per 
cent. — that  is,  is  decreased  to  20  per  cent.,  while  the  first  wave  is 
decreased  only  to  90  per  cent.  Hence,  even  in  a  motor  circuit 
of  such  unusually  low  self-induction,  if  a  wave  of  shape  Fig  8 
is  applied,  it  will  come  out  entirely  broken  up,  so  I  do  not  think 
that  really  the  self-induction  can  be  neglected.  The  more,  as  just 
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the  first  term,  H^  ie  small,  because  we  do  not  want  to  have  the  re- 
sistance of  the  circuit  large,  for  the  resistance  determines  the  loss 
of  power,  and  we  do  not  want  to  have  so  much  loss  of  power. 
We  want  to  run  motors  with  these  currents.  Indeed,  if  we  run 
a  motor  from  this  alternating  current,  we  get  a  counter-electro- 
motive force  in  the  motor,  and  to  make  these  same  equations  hold 
we  might  represent  this  counter-electromotive  force  by  apparent 
resistance,  fiut  in  such  a  motor,  the  counter-electromotive  force 
is  not  of  equal  phase  with  the  current,  but  lags  behind  the  cur- 
rent the  more,  tne  lighter  the  load,  and  will  come  nearer  in  phase 
to  the  phase  of  the  current  when  we  increase  the  load.  Hence, 
the  apparent  inductance  is  not  even  a  constant,  but  a  variable  of 
the  circuit,  and  exceedingly  variable,  too.  The  inductance  is 
small,  almost  nil^  if  the  motor  is  at  rest  under  full  head  of  pres- 
sure. As  soon  as  the  motor  starts,  its  self-induction  increases, 
up  to  a  value  which  corresponds  to  the  load  the  motor  is  carry- 
ing, so  that  if  the  motor  is  heavily  loaded  the  inductance  is  comr 
paratively  small,  though  very  far  from  negligible,  while,  when 
the  motor  is  running  light,  its  self-induction  mcreases  to  such  a 
value  as  to  almost  entirely  shut  off  the  current. 

Now  I  come  to  the  consideration  of  this  quantitjr  (Z  —  M). 
This  quantity  is  really  nothing  but,  or  rather  proportional  to,  that 
amount  of  magnetism,  or  that  magnetism  which  constitutes  the 
rotating  magnet  poles.  So  if  the  motor  is  at  rest,  heavy  eddies  in 
the  short  circuit  armature-circulating  coils,  the  useful  magnetism 
is  almost  nil;  almost  no  magnetism  passes  through  the  armature. 
Hence  L  is  almost  identical  with  M,  The  circuit  has  almost  no 
self-induction.  If  the  motor  starts,  runs  with  heavy  load,  then  a 
certain  amount  of  magnetism  passes  through  the  armature.  L  is 
different  from  M.  L  has  increased,  and  we  get  a  difference  of 
phase  of  the  current  and  a  different  shape  of  tne  current  wave. 
Now,  suppose  the  motor  runs  with  almost  no  load,  then  the  self- 
induction  of  the  motor  is  very  large  and  we  can  neglect  R^  the 
■fiTst  term,  entirely. 

In  this  case  the  original  shape  of  the  electromotive  force  curve 
is  entirely  broken  up  and  has  changed  into  a  somewhat  harmonic 
shape.  So  I  cannot  think  there  is  any  hope  to  transfer  any  other 
shape  of  the  curve  but  a  simple  harmonic  through  a  circuit  of 
heavy  and  very  variable  self-induction.  That  would  be  rather 
disappointing  and  very  disagreeable  for  the  builders  of  motors  if 
the  working  of  such  rotary  motors  depended  upon  a  certain  shape 
of  alternating  current  waves.  Indeed,  we  all  have  heard  and 
read  half  a  dozen  times — some  of  us  even  often er — how  bad  ^nd 
worthless  the  Tesla  motor  is,  because  there  the  fluctuations  of  the 
magnetism  amount  to,  I  believe,  41  per  cent,  and  how  grand  and 
beautiful  the  improvements  of  Mr.  iJoHvo  von  Dobrowolsky  are, 
because  in  his  motor  the  fluctuations  amount  to  only  14  percent., 
and  if  having  heard  and  read  something  very  often  proves  its 
truth,  then  it  must  certainly  be  true.     At   least  ^^^  this  ^^tajgmcjujt 
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About  the  fluctuations  of  the  intensity  of  the  rotary  magnetism 
«eems  generally  to  have  been  accepted  as  true.  For  1  never  heard 
any  doubt  expressed  on  the  correctness  of  this  fluctuation  theory. 
And,  nevertheless,  in  the  very  flrst  publication  of  Ferraris  on  ro- 
tating magnet  poles,  in  the  very  publication  which  introduced 
this  rotary  magnetism  to  the  public  years  ago,  it  has  been  shown 
that  if  you  sent  two  alternating  currents,  one  lagging  behind  the 
other  by  one-quarter  of  a  period,  through  two  coils  at  right  an- 
gles with  each  other,  those  two  currents  produced  in  the  centre 
of  those  coils  a  magnetic  field  which  revolves  with  constant 
strength  and  constomt  speed. 

Let  A  in  Fig.  1 6  represent  the  one,  B  the  other  one,  of  the  two 
perpendicular  coils,  wnich  are  excited  by  two  alternating  currents 


of  90  degrees  difference  of  phase.     Then   the  magnetism  pro- 
duced by  coil  A  at  any  time  can  be  represented  by  the  line, 

0  m^  —  Jf  sin  ip 
The  magnetism  produced  by  coil  B  at  the  time  t  is 

O  m^=  M  cos  <p 
where 

2;r  , 
9  =  Y 

T  being  the  time  of  one  complete  period. 
These  two  magnetisms,   O  rrix  and   0  ra^^   combine  b^^^^lffl^ 
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of  parallelogram^  which  as  a  consequence  of  the  law  of  conserva- 
turn  of  energy  holds,  to  the  resulting  magnetism: 

Om  =  M 

of  constant  strength,  at  the  phase  : 

2  ^ 
"h  O  m  z=  if  =  ^  t 

of  constant  velocity. 

That  means,  the  magnet  poles  revolve  with  constant  strength 
and  constant  velocity^  produced  hy  triie  harmonic  or  svne- 
waves. ^ 

Coming,  now.  to  the  conclusion,  we  see 

1.  It  is  possible  to  produce  rotary  magnetism  of  constant 
strength  and  constant  velocity  of  rotation  by  means  of  true  sine- 
waves. 

2.  It  is  hopeless  to  try  to  produce  rotary  magnetism  of  con- 
stant strength  and  velocity  by  means  of  a  particular  shape  of  the 
wave  of  E.  M.  F.,  because  in  a  circuit  of  considerable  and  variable 
self-induction  the  shape  of  the  current  wave  will  differ  in  a  con- 
siderable and  a  variable  degree  from  the  shape  of  the  e.  m.  f. 
wave  for  any  shape  of  the  e.  m.  f.  but  the  true  harmonic  or  sine- 
wave. 

3.  Hence  it  is  more  advisable  not  to  build  the  generators  so  that 
they  produce  that  shape  of  e.  m.  f.  which  in  a  particular  type  of 
rotary^  motoj-s  will  give  magnetism  of  constant  strength  and  velo- 
city ;  but  to  build  motors  which  will  give  magnetism  of  constant 
strength  and  velocity  from  true  harmonic  or  sine-waves,  as  the 
only  waves  which  can  be  transformed,  transmitted  through  in- 
ductive and  other  circuits  without  changing  their  shape ;  to  build 
the  rotary  motors  for  sine-waves,  as  the  possibility  has  been 
shown  by  Ferraris,  and  as  already  in  the  oldest  Tesla  motors  it 
evidently  has  been  the  aim  of  the  designer.     [Applause.] 

Dr.  Pupin  : — Mr.  Steinmetz  went  a  little  beyond  the  limits  of 
this  pa|)er  by  talking  about  the  motors.  I  said  at  the  start  that 
I  was  going  to  conhne  myself  to  the  polyphasal  generators  and 
particularly  to  polyphasal  generators  which  could  under  certain 
well  defined  conditions  produce  a  rotary  field  of  constant  strength. 
I  am  going  to  consider  in  future  the  question  of  transformation 
and  the  question  of  rotating  field  used  for  driving  a  motor.  Now^ 
in  the  case  that  I  considered,  I  simply  had  an  iron  ring  sur- 
rounded by  a  set  of  coils  and  nothing  else.  I  had  no  motor  ar- 
mature here.  In  this  case,  L  —  ^  could  very  easily  be  made 
small  in  comparison  to  /^,  the  resistance,  and  therefore  may  be 
neglected.  But  you  need  not  neglect  it.  If  (Z  —  M^  is"  not 
negligible,  then  the  magneto-motive  force  will  vary,  but  its  varia- 
tion will  be  less  than  14  per  cent.     How  much  less  remains  to  be 


1.  Kapp  :  Alternate  Current  Machinery,  page  82. 
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seen.  I  don't  think  that  I  can  show  it  very  well  without  entering 
fully  into  the  discussion  of  the  poly  phasal  motor  and  transformer. 
But  this  subject  requires  a  carefully  prepared  paper  to  form  a 
basis  on  which  it  can  be  advantageously  discussed.  J  f  Mr.  Stein- 
metz  will  have  a  little  patience,  I  will  promise  to  give  him  a 
chance  to  discuss  these  things  also. 

As  far  as  the  Ferraris  contrivance  is  concerned,  I  never  saw 
that  pa])er  to  which  Mr.  Steinmetz  refers.  There  must  be  a 
hitch  in  it,  I  think.  Perliaps  Mr.  Steinmetz  will  exactly  explain 
the  contrivance,  so  that  we  can  see  the  magnetic  circuit  and  see 
whether  his  ideas  are  correct  or  ni-t.  I  know^  a  great  many  mis- 
takes have  been  made  on  this  very  point  of  the  magnetic  circuit. 
Not  enough  attention  was  paid  as  to  whether  the  magneto-motive 
forces  worked  in  series  or  multiple  arc,  nor  to  the  shape  and  dis- 
tribution of  the  magnetic  circuits.  But  still,  1  would  like  to 
know  the  exact  form  of  the  Ferraris  motor  and  the  magnetic  cir- 
cuits before  I  decide  to  comment  upon  it. 

Mr.  Steinmetz  :— Ferraris  built  only  a  little  toy,  and  his  mag- 
netic circuits,  so  far  as  I  know,  were  completed  in  air,  not  in 
iron,  though  that  hardly  makes  any  difference.  The  only  possi- 
ble error  there  could  be  is  the  use  of  the  law  of  parallelogram  in 
combining  m.  m.  f.'s  acting  in  different  directions  upon  a  point, 
and  this  law  of  parallelogram,  or  polygon,  is  a  consequence  of  the 
law  of  conservation  of  energy,  and  therefore  its  correctness  can 
hardly  be  questioned.  But  as  soon  as  you  accept  that,  then  the 
reasoning  1  have  given  here  must  be  correct.^  So  there  is  no  pos- 
sibility of  any  error  if  the  whole  phenomenon  takes  place  in  air. 
Suppose,  now,  the  phenomenon  does  not  take  place  in  air,  but  in 
any  other  medium  of  constant  magnetic  conductivity,  then  you 
have  exactly  the  same  conditions.  The  air  space  between  arma- 
ture iron  andiield  iron  might  introduce  some  discrepancy,  though 
I  hardly  think  so.  But,  then,  the  next  problem  would  simply  be 
how  to  shape  the  motor  iron,  how  to  distribute  the  wire  coils,  to 
get  in  the  iron  circuit  se])ai'ated  by  the  air^ap  the  same  magnetic 
aistribntion  as  would  take  place  without  any  iron  in  the  air. 

Dr.  Pupin  : — As  you  have  heterogeneous  media,  you  cannot 
have  complete  homogeneous  magnetic  circuits,  and  that  is  where 
the  difficulty  comes  in.  Your  parallelogram  of  magnetizing  forces 
will  not  apply  here,  and  you  are  forced  to  be  satisiied  with  the  ap- 
plication of  (Jhin's  law  to  magnetic  circuits,  which  will  not  give 
you  the  result  you  claimed  a  little  while  ago. 

Mr.  Steinmetz  : — Consider  that  wire  coils  of  iron  are  closely 
embedded  in  iron,  then  there  is  no  question  that  the  same  phe- 
nomenon takes  place  in  the  iron  as  in  Ferrari s's  experiment  in  air. 
So  the  only  problem  would  be  how  to  shape  the  iron  practically, 


1.    Exactly  the  same  conclusion  I  find  now  given  in  Kapp,  Alternate  Cur- 
rent  Machinery,  page  82.  ^,g„,^^,  .^  v:,OOgle 
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to  get  rotary  magnetism  of  constant  strength  and  velocity  from 
sine-waves. 

This  three-phase  current  system  has  been  brought  up  the 
last  time  as  something  entirely  new.  I  cannot  agree  with  tnat  in 
the  least.  For  already  in  the  old  Tesla  motor  the  three  phases 
of  current,  only  that  in  the  three  wires  that  so  out  from  the  cen- 
tral station  the  three  currents  have  not  a  dinerence  of  phase  of 
exactly  1 20  degrees,  but  two  have  a  difEerence  of  9i)  degrees,  and 
either  one  of  these  two  currents  has  with  the  third  a  diiierence  of 
phase  of  135  degrees.  But  if  now  the  "  AUgemeine  Electricitsets 
Gesellschaf t "  transmits  currents  of  less  than  120  degrees  differ- 
ence of  phase — well,  then  the  Dobrowolsky  system  comes  back 
exactly  to  the  old  threewire  system  of  Tesla,  only  that  the  motor 
is  certainly  built  somewhat  differently.  But  that  does  not  matter. 
Mechanically,  the  motor  is  undoubtedly  improved,  for  there  are 
several  years'  time  between  the  old  Tesla  tnree  wire  motor  and 
the  new  German  three  pbaser.  Whether  the  latter  shows  any 
improvements  in  its  principles,  is  a  question  which  is  anything 
but  beyond  doubt. 

But  in  the  new  Dolivo  von  Dobrowolsky  system  of  electric  dis- 
tribution, I  really  cannot  see  anything  new  but  the  mechanical 
construction  of  motors  and  generators.  That  it  became  so  famous 
is,  I  think,  entirely  due  to  the  success  of  the  grand  transmission 
of  power  over  such  an  enormous  distance  as  116  miles,  which  cast 
a  halo  around  everything  that  was  used  with  this  transmission,  and 
so  made  the  rotary  motor  famous  ;  but,  in  reality,  I  think  ordina- 
ry synchronous  motors  might  just  as  well  have  been  used,  and 
would  have  worked  just  as  successfully,  so  that  the  choice  of  the 
particular  motor  had  nothing  to  do  with  the  success  of  the  power 
transmission. 

Prof  Thomson  : — I  should  like  to  make  some  remarks  upon 
the  general  subject  of  the  paper.  It  is  a  matter  to  which  I  have 
given  considerable  thought.  The  subject  is  somewhat  allied  to 
tne  old  Thomson-Houston  arc  machine.  In  fact,  I  remember 
long  ago  putting  in  a  patent  specification  a  machine  connected 
so  that  it  had  not  the  three  segment  commutator  but  three  rings, 
and  it  was  rejected  at  the  Patent  Office  on  the  ground  that  it  was 
not  an  invention  to  put  three  rings  on  a  three  coil  armature,  any 
more  than  it  was  for  any  alternating  current.  But  times  have 
changed  since  then.  [Laughter.]  It  seems  to  me  some  light 
would  be  thrown  on  the  matter  of  this  discussion  by  a  few  simple 
considerations.  We  will  take  the  three  coil  in  its  simple  form — 
symbols  for  it,  Fiff.  17.  Now  let  us  lead  a  wire, «/,  here',  which 
would  be  a  neutral  wire.  If  we  wrap  that  wire  around  a  mag- 
netic core,  the  effect  should  of  course  be  the  same  or  it  should  act 
the  same  as  though  these  three  wires,  «,  J,  6*,  were  wrapped 
around  the  magnetic  core.  So  that  if  any  fluctuations  of  magnet- 
ism were  set  up  in  this  core  by  wrapping  this  neutral  wire 
around  the  magnetic  core,  the  same  effect  would  be  produced  by 
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wrapping  these  three  wires  around  the  magnetic  core.  That 
wouia  show  that  no  fluctuation  might  be  expected  in  such  a  sys- 
tem. But  there  is  another  question  that  comes  in  just  here.  If 
we  look  into  the  manner  of  generating  ;  if  we  take  our  armature 
and  put  on  three  coils,  and  have  a  magnetic  field  which  magne- 
tizes this  armature  core  with  a  constant  number  of  lines,  a  number 
of  lines  which  does  not  change  during  the  rotation — it  is  evident, 
tlien,  that  whatever  actions  occur  in  these  coils  will  be  accom- 
panied by  no  fluctuations  of  magnetism  You  cannot  generate 
in  a  system  of  coils  any  difference  of  condition  which  is  not  ex- 
pressed by  the  magnetic  field  in  which  it  is  generated.  If  the 
magnetic  field  is  constant,  then  we  have  constancy  of  magnetism 
in  the  core.    That  is,  we  have  no  fluctuations.     Now,  it  would 


seem  to  me,  looking  at  it  from  this  standpoint,  that  putting  an- 
other armature  in  connection  with  these  corresponding  terminals 
and  having  a  magnetic  field  for  it  of  constant  strength,  we  would 
have  a  rotating  field  produced  in  this  second  armature  which 
would  result  in  the  rotation  of  the  armature  itself — that  is,  the 
tendency  to  rotate  the  field  would  turn  the  coils  backward  and 
this  would  seem  to  indicate  that  under  certain  conditions  we  can, 
with  the  ordinary  arrangements,  produce  exactly  what  we  want, 
steady  rotative  effect  witriout  magnetic  fluctuations,  which  would 
go  to  bear  out  the  Ferraris  idea.  Now,  how  far  the  production 
of  a  rotating  magnetic  field  in  the  presence  of  a  short  circuited 
armature  may  modify  these  conditions,  I  have  not  investigated. 
It  does  seem  to  me,  however,  that  in  such  casej^ljij^^r^^^iupf 
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Mr.  Steinmetz  are  quite  true,  that  we  will  have  a  large  self- 
induction  on  a  light  load  in  such  a  motor  and  therefore  a  waste 
current,  a  leakage  current  corresponding  to  the  leakage  current 
in  the  transformer.  Just  how  much  it  will  be  will  of  course  de- 
pend on  the  general  design  and  the  proportions,  and  of  course  on 
the  frequency  of  the  alternations.  I  tnink  the  system  demands 
that  the  frequencies  shall  be  much  less  than  we  are  accustomed  to 
use  in  transformers  for  lighting  That  the  system  will  have  a 
considerable  application,  I  have  not  the  slightest  doubt.  It 
will  have  a  large  application.  Whether  the  best  form  of  it  is  not 
to  place  two  corresponding  armatures  in  fields,  or  use  synchroniz- 
ing machines,  is  a  question.  I  should  say,  reasonina;  at  the  start, 
that  this  is  probably  the  chief  merit  of  the  system.  We  have  the 
possibility  of  getting  rid  of  commutation  on  high  potential  trans- 
mission of  power  by  making  corresponding  machines  and  run- 
ning corresponding  armatures  in  the  Helds  that  are  excited.  Of 
course  there  is  a  great  desire  to  get  a  motor  which  shall  enable  us 
to  get  rid  of  this  constant  excitation  and  which  will  give  us  the 
power  of  starting  under  load.  The  generator  reversed  and  used 
as  a  motor,  demands  that  in  starting  the  generator  shall  also  start, 
that  the  two  machines  shall  come  up  together.  I  hav^e,  indeed, 
taken  one  Thomson- Hou.^ton  arc  machine  and  put  on  three  rings 
and  simply  delivered  the  current  by  three  rings  to  the  armature  of 
another  machine,  and  it  would  start  and  nin  up  to  speed,  having  no 
load  on  it,  at  least  no  large  load.  It  would  get  into  synchronous 
rotation  when  the  power  delivered  is,  after  exciting  the  iield 
fully,  considerable.  I  have  constructed  some  small  machines 
which  are  almost  exactly  like  Fig.  10.  There  are  six  coils  on  the 
armature  and  a  field  excited  separately.  The  field,  by  the  way, 
rotates  and  the  angle  covered  by  the  field  poles  is  about  what  is 
covered  there,  Fig.  10.  I  have  no  indication  at  all  of  anything 
wrong  with  these  machines.  They  work,  we  think,  perfectly, 
and  so  far  as  the  heat  generated  in  the  armature  goes,  it  is  re- 
markably small.  It  is  no  greater,  from  actual  experiment,  than 
one  would  expect  from  an  ordinary  machine  with  a  commutator. 
In  fact,  it  is  probably  less.  Probably  more  fluctuation  is  iniro- 
duciHl  into  the  magnetism  by  the  comnmtation  than  there  would 
be  in  this  case  by  the  simple  use  of  three  coils  without  commuta- 
tion. I  would  say  further  that  I  have  never  had  much  confidence 
in  some  of  the  reasoning  of  Mr.  Dobrowolsky  in  relation  to  this 
matter.  I  have  always  thought  that  he  was  a  little  out  in  his  ar- 
gument. He  has  attempted  to  show  how,  by  using  three  phased 
currents,  he  could  get  polyphasal  currents  from  them,  by  wind- 
ing the  armature  in  a  different  way.  It  strikes  me  as  nothing 
more  than  spreading  that  coil  over  a  certain  angle  of  the  arma- 
ture surface.  This,  of  course,  would  prevent  sudden  sharp 
jumps  in  the  field  and  might  be  useful  and  undoubtedly  is  useful 
in  the  perfection  of  a  motor  working  upon  a  closed  circuit  arma- 
ture.    These  matters  of   discussion  would  undoubtedly  be  best 
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settled  by  a  simple  experimentation  on  the  basis  of  what  I  indi- 
cated a  little  while  ago.  It  may  be  that  the  very  fact  of  the  dif- 
ferences of  composition  of  the  wave  may  make  a  very  great 
difference  in  the  effect.  We  may  not  be  called  upon  to  reason 
upon  flactuations  of  magnetism  due  to  sine  curves  when  those 
sine  curve  currents  are  put  in  different  angular  positions.  They 
may  act,  as  in  that  Ferraris  affair,  to  balance  each  other  and  often- 
times these  considerations  escape  us. 

I  would  say  that  there  is  another  matter  which  probably  ought 
to  be  taken  into  consideration.  That  is  that  a  mass  of  iron  does 
not  always  change  its  magnetism  when  you  think  it  ought  to. 
That  is,  it  may  hold  up  by  its  own  inherent  property  of  disregard- 
ing reversal— by  hysteresis.  This  would  tend,  in  fact,  to  nold 
the  magnetism  up  rather  than  to  allow  it  to  suffer  fluctuation. 
We  know  that  in  a  closed  circuit  transformer  it  is  necessary  to 
put  energy  into  the  iron  to  cause  it  to  drop  its  magnetism.  It 
would  tend  to  remain  magnetized  if  we  cut  off  the  current  at  any 
portion  of  a  wave,  at  least  up  to  a  certain  point,  and  this  would 
tend  to  help  us  out  in  this  very  matter  of  getting  rid  of  fluctua- 
tions of  magnetism,  which  of  course  would  be  a  serious  loss  of 
energy  in  the  case  of  large  bodies  of  iron,  the  magnetism  of  which 
should  be  allowed  to  go  up  and  down  through  large  ranges. 
There  is  another  matter,  too,  that  comes  in  here.  It  is  whether 
we  get  in  the  motor  or  in  the  machine  a  motion  that  is  equal  ve- 
locity— that  is,  whether  it  is  an  even  pull  all  the  way  around,  the 
sum  of  the  magnetic  lines  being  the  same,  or  whether  it  is  a 
jerky  motion,  a  motion  of  difference  of  velocity.  Of  course,  it 
will  naturally  be  seen  at  once  that  unless  we  get  a  perfectly  uni- 
form flow,  our  efficiency  could  not  be  as  high  in  the  case  of  a 
fluctuating  movement  of  the  lines,  and  the  lines  which  hesitate 
and  then  move  forward  and  then  hesitate  again  and  then  move 
forward,  that  would  be  only  efficient  in  case  the  armature  was 
negligible  which,  of  course,  could  not  be  the  case. 

Mr  (,'.  S.  Bradley  :  —Did  I  understand  Prof.  Thomson  to  say 
that  he  thought  the  increase  of  the  phasing  by  Dobrowolsky's 
plan  was  applicable  especially  to  the  closed  armature  ? 

Prof.  Thomson  : — Xo,  I  made  no  distinction  *  between  the 
kind  of  armatures.  I  simply  say  that  Dobrowolsky's  plan  of 
multiplying  the  coils  and  connecting  them  up,  did  not  differ  very 
much,  so  far  as  I  could  see,  from  simply  spreading  those  coils  on 
the  armature. 

Mr.  Bradley: — I  understood  you  to  say  at  the  last  that  it 
applied  especially  to  the  closed  circuit  armature. 

Prof.  Thomson:— You  mean  by  closed  circuit  armature, 
closed  field  and  with  connections  taken  out  and  around  ? 

Me.  Bradley  :  —Yes. 

Prof.  Thomson  : — No  ;  I  did  not  make  such  a  distinction  I 
should  say  tliat  the  closed  circuit  here  would  be  just  as  effective 
forgetting  the  polyphasal  circuit,  provided  the  goi^ls^^^^^^x^^ 
too  large  an  angle.  ^ 
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Mr.  Bradley  : — It  is  a  pretty  difficult  thing  to  make  a  test  a» 
to  the  efficiency  of  the  different  armatures.  But  1  have  always 
had  an  idea  that  the  closed  coil  armature  was  exactly  adapted  to 
the  carrying  out  of  the  three  phase,  because  the  currents  can  pass 
in  more  directions.  There  are  more  subdivisions  than  there  are 
in  the  open  circuit.  With  three  open  coils  the  position  of  each 
would  determine  its  phase.  But  it  it  were  completely  closed  and 
taken  out  at  three  points,  there  is  a  chance  for  two  wires  to  operate 
and  leave  the  third  one  nil^  and  the  current  has  a  chance  to  pass 
clear  aroimd  the  armature.  That  is,  it  will  pass  120  degrees  on 
one  side  and  240  degrees  on  the  other  side,  making  a  multiple  arc 
circuit.  In  other  words,  the  closed  coil  armature  carries  out  the 
plan  that  Dobrowolsky  is  trying  to  carry  out,  and  does  exactly 
what  Dobrowolsky  is  trying  to  do  by  placing  on  the  extra  coils, 
without  the  extra  coil. 

Prof.  Thomson  : — I  think  that  matter  is  made  clear  by  consid- 
ering the  movement  of  the  armature  with  respect  to  the  lines.  It 
does  not  seem  to  me  to  make  very  much  difference  what  the  coil 
is,  providing  the  two  armatures — suppose  we  take  that  as  the 
typical  system — the  two  machines  are  connected  similarly.  The 
movement  of  lines  in  one  will  be  reproduced  in  the  other,  pro- 
vided of  course  that  the  order  of  the  connections  and  the  symme- 
try of  the  apparatus  are  preserved. 

Mr.  Bradley  : — 1  tested  machines  running  that  way.  Thev 
were  direct  current  machines  altered  to  the  three  rings.  I  tooK 
them  first  and  ran  them  as  direct  current  machines.  Then  I  had 
them  changed  and  put  three  rings  on  each  one  and  connected 
them  up,  and  ran  them  together  with  the  same  power,  and  took 
off  the  same  power,  and  I  found  the  machines  ran  so  nearly  alike 
that  I  could  not  detect  the  difference.  By  the  way,  in  your 
speaking  of  two  machines,  you  have  not  at  any  time  said  motor 
and  dynamo. 

Prof.  Thomson  : — I.  of  course,  meant  motor  and  dynamo  It 
might  interest  the  members  for  me  to  say  that  at  one  time,  I 
think  it  was  about  1882,  I  happened  to  have  a  three  coil  arc  ma- 
chine that  had  three  rings  on  the  shaft,  and  I  discussed  with  my 
assistant.  Mr.  Rice,  who  is  now  superintendent  of  the  Thomson- 
Houston  works,  this  matter  of  connecting  on  three  rings  on  two 
machines,  and  we  found  that  the  machines  would  work  well  as  a 
means  of  transmitting  power.  But  we  had  not  facilities  for 
building  such  apparatus  in  any  quantity.  However,  it  is  an  in- 
teresting reminiscence,  as  coming  up  at  this  time. 

Mr.  Steinmetz  : — With  regard  to  the  spreading  out  of  the 
coils  on  the  armature,  I  think  this  makes  very  little  if  any  differ- 
ence in  the  shape  of  the  wave,  because  if  we  had  a  coil  of  one 
single  turn  we  would  get  a  simple  harmonic  or  sine  wave  where 
the  maximum  electromotive  force  =  1.414,  the  effective  e.  m.  f. 
Now,  only  a  few  days  ago  I  had  occasion  to  draw  the  curve  of 
electromotive  force  under  exactly  the  opposite  conditions,  the 
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most  extreme  case  of  spreading  oat  the  coils.  A  smooth  contin- 
uous current  armature  changed  into  a  bipolar  alternator  by  con- 
necting two  opposite  commutator  bars  with  sliding  rings,  and  I 
found  as  ratio  between  maximum  e.  m.  f.  and  effective  e.  m.  f.: 
1.415  ;  that  is,  exactly  the  same  value  as  the  sine  wave  fives.  I 
found  a  wave  somewnat  similar  to  the  sine  wave,  slightly  differ- 
ent, with  a  tendency  to  the  shape  that  Dr.  Pupin  showed  us  here 
in  Fig.  8. 

Pbof.  Thomson  : — In  making  the  remark  as  to  the  covering  of 
the  coils,  I  meant  a  motor  with  a  closed  circuit  armature — ^not  in 
relation  to  the  generation  of  the  current. 

Mr.  Kennelly  : — This  is  a  paper  which,  I  think,  has  to  be 
studied  from  two  points  of  view.  Like  all  mathematical  papers, 
it  presents  two  different  aspects.  We  are  face  to  face  with  a 
condition  in  the  art  of  electrical  distribution  which  is  not  only 
somewhat  novel,  but  is  also  very  intricate,  and  consequently  any 
assistance,  even  of  the  most  elementary  description,  which  will 
enable  us  to  fathom  the  mysteries  of  this  diflScult  system  of  distri- 
bution, is  one  which  should  be  only  too  gladly  welcomed,  I  think, 
at  the  hands  of  this  Institute.  We  have  presented  to  us  in  this 
paper,  a  mathematical  disquisition  on  the  very  simplest  and  most 
elementary  type  of  the  three  phase  generator,  in  which  it  is 
assumed  that  there  is  no  armature  reaction,  no  hysteresis  and  no 
eddy  currents.  Under  those  conditions,  just  as  in  the  correspond- 
ing ideal  transformer  with  constant  coefficients,  which  has  been 
called  by  some  one  the  "  phantom  "  transformer,  that  we  all  aspire 
so  much  after  but  so  very  seldom  see — the  fundamental  opera- 
tions of  this  particular  machine  are  readily  capable  of  being  ana- 
lyzed by  the  skill  that  has  been  presented  in  this  paper.  I  think 
that  we  should  be  content  to  take  one  subject  at  a  time,  to  con- 
sider that  we  have  arrived  at  a  position  where  modifications 
which  will  certainly  present  themselves  by  disturbing  influences, 
will  ultimately  resolve  themselves  into  this  fundamental  type,  as 
theyare  lessened  and  removed.  This  is  the  starting  point,  so  to 
speak,  from  which  the  various  roads  branch  from  the  theoretical 
machine  to  the  practical  machine.  I  think,  therefore,  that  while 
the  paper  gives  us  what  may  be  called  almost  a  little  discovery, 
in  its  way,  in  practical  mathematics,  that  it  should  be  treated  for 
its  own  value  on  the  side  of  a  mathematical  essay,  and  not  brought 
into  the  question  of  practical  and  everyday  machines.  We  have 
the  very  remarkable  fact  that  althouffh  the  electromotive  force 
which  is  capable  of  being  produced  by  a  complex  condition  of 
magnetic  fields  can  be  a  uniform  one,  and  while  the  currents 
which  are  set  up  by  the  electromotive  force  cannot  possibly  be 
the  prototype  of  the  electromotive  force,  graphically,  when  there 
is  any  self-induction  in  the  circuit,  yet  that  under  the  influence 
of  mutual  induction,  that  prototype  may  be  restored.  That  is  a 
beautiful  conception,  even  althougn  it  may  not  have  a  very  direct 
bearing  on  the  practical  side  of  the  question.  It  seems  to  me  that 
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the  practical  issue  of  the  question  is  not  whether  we  can  produce 
artinciallj  and  with  considerable  care  a  constant  rotary  magnetic 
field  or  a  constant  rotary  electromotive  force,  for  bv  theory  we 
can  produce  any  continuous  curve ;  and  any  periodic  wave  can 
be  established  as  the  resultant  of  a  number"  of  simple  harmonic 
waves,  it  only  is  a  question  of  how  many  compounds  we  want. 
Sometimes  we  should  want  an  infinite  number.  But  however 
interesting  that  may  be  from  the  theoretical  point  of  view,  the 
next  step  m  this  difficult  pathway  which  has  been  outlined  here 
to-night,  is  not  how  to  produce  perfection,  but  how  far  differ- 
ences from  perfection  will  affect  the  practical  result ;  not  how 
necessary  it  majr  be  to  have  a  perfectly  continuous  field,  but  how 
far  the  fluctuations  which  will  almost  inevitably  present  them- 
selves, will  affect  the  efficiency  and  efficacy  of  these  particular 
machines.  At  the  same  time,  while  we  have  to  remember  that 
the  paper  is  a  theoretical  disquisition,  it  is  also  the  first  step 
towards  practice,  because  theory  follows  ever  slowly  in  the  steps 
of  practice,  and  it  is  in  the  direction  of  such  a  theory  that  we 
have  to  hope  for  the  ultimate  apprehension  of  all  the  difficulties 
before  us. 

Dr.  Pupin  : — The  method  which  I  have  employed,  as  Mr.  Ken- 
nelly  remarked,  is  to  go  step  by  step  from  the  ideal  to  the  more 
and  more  practical,  and  see  what  the  real  difficulties  are.  Now, 
as  long  as  we  deal  with  simple  harmonic  waves,  the  question  is 
exceedingly  simple  and  is  readily  solved.  The  authorities  on 
theoretical  electrical  engineering  invariably  consider  the  simple 
sine  waves  whenever  they  discuss  the  subject  of  periodically  vary- 
ing electric  currents.  ISfobody  has  ever  tackled  the  problem  of 
complex  harmonic  waves.  We  really  do  not  know  what  a  com- 
plex harmonic  wave  will  do.  We  can  only  guess  at  it.  There 
are  no  quantitative  relations.  Now,  1  think  that  I  have  shown 
in  this  paper  what  a  complex  harmonic  current  wave  will  do  in 
a  particular  case.  I  also  propose  to  show  before  long  what  it  will 
do  in  other  practically  important,  but  more  complicated  cases. 
Mr.  Steinmetz  points  out  that  a  combination  of  two  simple  sine 
waves  can  produce  the  same  thing  which  I  claim  for  the  complex 
wave.  But  the  correctness  of  his  statement  requires  the  employ- 
ment of  a  homogeneous  magnetic  medium  in  which  his  two  coils 
are  to  act.  I  would  be  very  much  obliged  to  him  for  the  proof  of 
the  contrary. 

The  remark  of  Prof.  Thomson  with  reference  to  the  machine 
which  he  put  on  the  blackboard,  three  coils  rotating  in  a  uniform 
field,  has  been  answered  in  the  very  beginning  of  my  paper. 
They  will  produce  a  constant  rotary  field,  although  the  producing 
field,  the  exciting  field,  is  constant.  The  relation  of  the  coils 
with  respect  to  the  exciting  fields,  is  continually  varying,  and  the 
electromotive  force  produced  in  each  one  of  those  is  a  simple 
sine  wave,  and  as  long  as  we  have  simple  sine  waves  and  three 
phases,  there  will  be  a  maximum  variation  of  fourteen  per  cent., 
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no  matter  what  yon  do.  Now  wind  the  three  wires  on  a  piece 
of  iron.  The  neutral  wires  will  produce  no  magnetization.  The 
three  wires,  if  they  are  wound  around  the  same  coils  in  the  same 
way  will  also  prodjice  no  magnetization.  So  I  do  not  think  that 
the  experiments  suggested  by  Prof.  Thomson  could  give  us  any 
record  of  any  fluctuations  in  the  rotary  field.  With  respect  to 
the  production  of  that  particular  wave,  Mr.  Steinmetz  remarked 
that  it  is  impossible  to  produce  anything  like  it.  Of  coarse,  in 
nature  there  are  no  discontinuities.  Kature  hates  discontinuity, 
and  there  are  no  absolutely  discontinuous  functions.  Here,  you 
see  (Fig.  8),  the  tangent  is  continually  constant  at  all  points  until 
the  corner  is  reached,  when  the  tangent  suddenly  becomes  zero. 
This  discontinuity  is,  of  course,  pnysically  impossible,  but  in 
practice  we  can  come  as  near  to  it  as  we  choose  to  do,  if  we  care 
to  take  the  trouble.  Of  course,  we  would  employ  a  practically 
discontinuous  field.  That  is,  you  are  in  a  place  wnere  there  are 
lines  of  force,  and  suddenly  you  step  into  a  place  where  there  are 
practically  no  lines  of  force.  Now,  absolutely,  that  is  impossi- 
ble. But  we  can  come  as  near  as  we  choose  to,  by  simply  shaping 
the  magnetic  circuit  in  such  a  way  that  it  will  be  nicely  rounded 
and  allow  the  lines  of  force  of  the  magnetizing  coils  to  follow  it 
without  getting  too  much  out  of  their  way.  If  you  do  that,  then 
there  wiU  be  practical  discontinuities.  Now,  I  have  an  electro- 
magnet which  will  do  that  very  nearly,  where  the  lines  of  force 
of  the  magnetizing  coils  never  deviate  too  suddenly  from  the 
magnetic  circuit,  and  therefore  there  is  very  little  leakage.  I 
hope  at  some  future  time  to  show  before  the  Institute,  this 
electro-magnet.  It  is  a  very  simple  device.  I  do  not  say  that  I 
can    produce    that   electro-magnet  without   sacrificing    several 

fractical  advantages.  But  if  it  is  only  for  experimental  purposes, 
do  not  care  if  I  do  sacrifice  them.  I  dare  say  I  will  not  rest 
until  I  get  that  electromotive  force  given  in  Fig.  8,  plotted  on 
paper  from  experimental  results.  But  it  is  very  diflScult  to  do 
anything  in  New  York  in  a  hurry,  because  mechanicians  will  not 
attend  to  their  orders  when  you  wish  them  to,  and  you  have  to 
wait  for  them.  As  Mr.  Kennelly  remarked,  I  do  not  think  it  is 
time  yet  to  consider  what  will  take  place  when  we  apply  this 
rotary  field  to  drive  a  motor,  because  I  wish  to  limit  the 
discussion  to  the  limits  of  the  paper. 

Mk.  Steinmetz  : — With  regard  to  this  Ferraris  scheme,  I  only 
wanted  to  show  that  under  certain  conditions  a  rotary  field  can 
be  produced  by  sine  waves  of  electric  current.  Suppose  you 
have  two  equal  coils  at  right  angles  with  each  other,  entirely 
embedded  in  iron.  The  armature  of  the  Pacinotti,  or  a  similar 
type,  with  a  very  small  clearance  between  armature  iron  and  field 
iron,  so  small  a  clearance  that  the  air  reluctance  can  entirely  be 
neglected  against  the  reluctance  of  the  iron — ^then  you  have 
exactly  the  conditions  where  you  get  from  two  sine  waves  of  90 
degrees  difference  of  phase,  a  system  of  magnet  poles  which 
revolve  with  constant  intensity  and  constant  velocity.  S*^^ 
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AddreM.  Endorsed  by 

Professor  of  Physics  and  Electrical  E.  L.  Nichols. 
Engineering,  Tulane  University,  Wm  E.  Geyer. 
New  Orleans,  La.  T.  D.  Lockwood. 


The  Secretary  read  the  following  list  of  Associate  Members, 
elected  by  Council  December  16 : 

Name. 
Ayres,  Brown, 

Benjamin,  Park 

Bishop,  James  Draper 

Parcelle,  Albert  L. 
Pike,  Clayton  W. 

RoBB,  Wm,  Lispenard, 

Tota>.  6. 
[Adjourned.] 


Ralph  W.  Pope. 

T.  C.  Martin. 

Joseph  Wetzler. 

Carl  Hering. 

T.  C.  Martin. 

Joseph  Wetzler. 

J.  B.  Cahoon. 

Franklin  Sheble. 

Ralph  W.  Pope. 

T.  D.  Lockwood. 

Instructor  in  Electrical  Engineer-  Carl  Hering. 

ing,    University  of  Pa.,   Phila-    E.  G.  Willyoung, 
delphia,  Pa.  T.  C.  Smith. 

Professor   of    Physics,   Trinity  M.I   Pupin. 

College,  Hartford.  Conn.  Wm.  A.  Anthony. 

Holbrook  Cushman. 


Electrical  Expert  and  Engineer, 
32  Park  Place,  N.  V.  City. 

Electrical  Expert,  John  A.  Roeb- 
lings'  Sons  Co  ,  345  W.  34th  St., 
New  York  City. 

Electrician  and  Inventor,  157 
Washington  St.,  Boston,  Mass. 
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AMERICAN    INSTITUTE    OF    ELECTRICAL 
ENGINEERS. 

Historical  Sketch  of  its  Organization  and  Work. 

A  preliminar;)^  meeting  of  the  founders  of  the  American  In- 
stitute of  Electrical  Engmeers  was  held  in  New  York  City,  April 
15,  1884,  in  response  to  a  call  which  had  been  very  generally 
circulated  and  signed  by  gentlemen  of  prominence  in  electrical 
circles. 

The  following  is  an  extract  from  the  circular  of  information 
regarding  the  scope  of  the  proposed  society : 

An  International  Electrical  Exhibition  is  to  be  held  in  Philadelphia  next 
autumn,  to  which  many  of  the  famous  foreign  electrical  savants,  engineers 
and  manufacturers  will  be  visitors ;  and  it  would  be  a  lasting  disgrace  to 
American  electricians  if  no  American  National  Electrical  Society  were  in 
existence  to  receive  them  with  the  honors  due  from  their  co-laborers  of  the 
United  States.  It  is  proposed  to  organize  the  American  Institute  of  Elec- 
trical Engineers,  somewhat  after  the  model  of  the  American  Civil,  Mechan- 
ical and  Mining  Engineers'  societies  or  institutes. 

At  a  subsequent  meeting,  held  May  13,  1884,  a  permanent 
organization  was  effected  and  the  following  officers  elected  : 

PEESIDENT, 

Dr.  NoBviN  Green. 

VICE-PRESIDENTS, 

Prof.  A.  Graham  Bell,  F^rof.  Chas.  R.  Cross, 

Thomas  A.  Edison,  George  A.  Hamilton, 

Charles  H.  Haskins,  Frank  L.  Pope. 

MANAGERS. 

Charles  F.  Brush,  William  H.  Eckert, 

Stephen  D.  Field,  Prof.  Elisha  Gray, 

Prof.  Edwin  J.  Houston,  M.  L.  Hellings, 

Frank  W.  Jones,  George  B.  Pbescott, 

W.  W.  Smith,  Prof.  W.  P.  Trowbridge, 

Theodore  N.  Vail,  Edward  Weston, 

TREASURER, 
Rowland  R.  Hazard. 


SECRETARY, 
Nathaniel  S.  Keith. 
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By  an  Act  of  Congress,  approved  July  7,  1884,  the  President 
of  the  United  States  was  authorized  to  appoint  a  scientific  com- 
mission which  might,  in  the  name  of  the  Government,  conduct  a 
National  Conference  of  electricians  in  Philadelphia  in  the  autumn 
of  that  year.  The  act  further  provided  that  tne  commission  thus 
appointed  might  invite  scientific  men,  native  and  foreign,  to  par- 
ticipate in  the  Conference,  and  to  determine  the  generaJ  character 
and  scope  of  its  work. 

In  pursuance  of  the  provisions  of  the  act.  President  Arthur 
appointed  the  following  distinguished  scientists:  Professors 
Henry  A.  Rowland,  Monroe  B.  Snyder,  George  F.  Barker,  Simon 
Newcomb,  C.  F.  Brackett,  J.  Willard  Gibbs,  Edwin  J.  Houston, 
John  Trowbridge,  F.  C.  Van  1  )yck  and  Charles  A.  Young,  and 
Mr.  E.  A.  Fisk  and  Dr.  William  H.  Wahl  as  members  of  the 
United  States  Electrical  Commission. 

Invitations  were  accordingly  extended  by  Prof.  George  F. 
Barker,  Secretary  of  this  Commission,  to  a  large  number  of  elec- 
tricians in  Europe  and  America,  of  whom  about  one  hundred 
were  m  attendance  at  the  Conference  which  assembled  Septem- 
ber 8  and  adjourned  September  13,  1 884.  The  proceedings  of 
this  Conference,  making  a  pamphlet  of  183  pages,  were  subse- 
quently published  by  the  Government  as  a  public  document. 

The  following  is  an  extract  from  the  minutes  of  the  closing^ 
session  : 

The  President  : — The  question  has  been  raised  as  to  whether  we  shall 
hold  any  further  meetings  of  this  Conference.  It  seems  to  me  that  the  occa- 
sion for  it  will  almost  have  passed  away.  The  occasion  of  the  Conference 
has  been  the  Electrical  Exposition  of  the  Franklin  Institute  and  the  presence 
in  this  city  of  the  members  of  the  British  and  American  Associations,  so 
that  altogether  we  have  had  a  body  of  distinguished  men,  such  as  we  could 
seldom  get  together.  Bjit  some  have  expressed  the  feeling  that  there  must 
be  something  further  for  the  Conference  to  do.  If  any  member  of  the 
Conference  has  anything  to  suggest  on  this  point  it  can  be  presented  now. 
Is  it  desired  that  any  further  meetings  should  be  held  ? 

Professor  Abbe  : — I  only  express  the  opinion  of  a  ^eat  many  here  when 
I  say  that  we  all  agree  to  what  has  been  suggested.  We  need  very  much  a 
meeting  of  this  kind  frequently  in  order  to  exchange  ideas.  I  am  not  an 
electrician,  either  professionally  or  practically,  and^t  hardly  becomes  me  to 
say  what  they  need,  but  I  can  see  how  lively  and  how  agreeable  these  meet- 
ings are.  I  very  much  hope  that  some  means  may  be  taken  to  call  us 
together  occasionally,  perhaps  by  ourselves,  perhaps  by  a  committee. 

Professor  Rowland  : — I  do  not  suppose  that  we  could  be  called  together 
ofl&cially,  except  it  be  done  within  a  short  time.  Although  the  law  is  very 
broad  under  which  this  meeting  of  the  Conference  has  been  held,  we  could 
not  construe  the  law  to  make  this  Conference  into  an  electrical  society;  that 
would  be  impossible.  If  within  a  short  time  a  meeting  is  desired,  I  sup- 
pose that  it  may  be  called  under  the  present  law. 

Mr.  Keith  : — Pertinent  to  that  subject  I  would  like  to  say  a  few  words. 
Early  last  spring,  this  exhibition  being  contemplated,  and  it  being  desired 
that  the  electricians  should  assemble  themselves  together  in  an  organized 
body,  some  gentlemen  in  New  York  issued  circulars  to  various  electricians 
and  professional  men  throughout  the  country  with  the  stated  object  of  form- 
ing a  society.  Such  a  society  was  formed  last  May,  and  the  proceedings  of 
that  meeting  were  published,  and  have  been  circulated  to  some  considerable 
extent.  The  membership  has  risen  to  283.  This  society  will  meet  here  ip^ 
Philadelphia  on  the  7tb,  8th  and  9th  of  October.    A  number  of  members  of 
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the  Conference  are  also  members  of  this  society.    It  is  called  **  The  Amer- 
ican Institute  of  Electrical  Engineers. " 

I  shall  take  the  liberty  of  sending  to  members  of  this  Conference  copies 
of  the  rules  and  minutes  of  the  meetings  held  so  far,  so  that  they  may  be- 
come informed  as  to  the  standing  of  this  society,  and  if  it  seems  desirable 
to  anyone  that  is  not  now  a  member  he  will  l>e  gladly  welcomed  into  the 
society.  We  want  to  make  it  a  useful  institution,  and  make  it  large  and 
financially  strong  as  well  as  intellectually  strong ;  if  not  financially  strong 
it  certainly  will  not  be  intellectually,  because  finances  support  intelligence. 

The  Directors  of  the  International  Electrical  Exhibition,  held 
in  Philadelphia  in  1 884,  kindly  tendered  to  the  Institute  the  free 
use  of  rooms  in  the  Exhibition  Building,  which  were  accepted  bv 
Council,  and  the  rooms  were  opened  to  members  September  2a, 
and  continued  until  October  1 1th,  during  which  time  they  were 
visited  by  a  great  many  members  of  the  Institute  and  by  several 
foreign  electricians 

On  October  7th  and  8th  the  first  meeting  of  the  Institute  for 
the  reading  and  discussion  of  professional  papers  was  held  at  the 
Continental  Hotel  and  the  Exhibition  Rooms,  at  which  eleven 
papers  were  read,  and  upon  invitation  of  the  Franklin  Institute 
the  Exhibition  was  inspected  by  the  members  in  a  body. 

The  subsequent  history  of  the  Institute  is  well  known.  After 
the  holding  of  two  or  more  annual  meetings  in  New  York, 
records  of  which  have  been  printed  in  the  Transactions,  the  expe- 
riment of  monthly  meetings  was  begun,  in  accordance  with  sug- 
gestions made  at  the  annual  meeting  in  May,  1886,  by  Acting 
Secretary  Martin,  followed  in  May,  1886,  by  his  successor,  as  will 
be  seen  by  the  following  extract  from  the  Secretary's  report, 
submitted  to  the  Institute: 

The  importance  of  the  various  electrical  problems  which  are  continually 
beinjj  brought  to  public  notice  points  to  the  advisability  of  holding  monthly 
meetings  for  the  aiscussion  of  current  topics.  There  are  in  New  York  and 
vicinity  a  sufficient  number  of  members  to  make  such  meetings  successful, 
especially  if  those  who  are  capable  and  have  had  ample  electrical  experience 
will  perform  their  duty  in  the  preparation  of  suitable  papers  for  presentation 
on  such  occasions.  1  can  see  no  reason  why  such  a  gathering  mieht  not 
be  held  monthly  in  conjunction  with  the  regular  meetings  of  Council  under 
existing  arrangements.  It  also  appears  probable  that  it  suitable  arrange- 
ments were  made  for  reporting  the  proceedings  of  these  meetings  many  im- 
portant electrical  papers  would  be  brought  before  the  Institute  whicn  are 
now  presented  to  other  societies,  although  perhaps  entirely  foreign  to  their 
special  field.  This  is  largely  the  result  of  a  popular  interest  in  electrical 
researches  now  existing,  which  we  should  avail  ourselves  of  to  stimulate  the 
growth  of  the  Institute. 

With  the  inauguration  of  such  a  policy  as  I  have  outlined,  your  Secretary 
will  feel  far  better  satisfied  with  his  work,  and  the  existence  of  the  Institute 
will  CTadually  become  known,  and  properly  appreciated  by  those  for  whose 
benefit  it  was  founded. 

The  first  of  these  meetings,  which  may  be  said  to  have  awa- 
kened new  interest  in  the  welfare  of  the  Institute,  was  held  June 
8,  1886,  in  the  Mills  Building,  15  Broad  street,  and  was  preceded 
by  an  informal  dirmer.  The  meeting  was  called  to  order  by  Presi- 
dent P'ranklin  L,  Pope,  who  in  announcing  the  subject  of  dis- 
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cufieion,  "  Incandescent  Lighting  from  Central  Stations,"  made 
the  following  remark : 

It  gives  me  very  much  pleasure  to  see  so  large  an  attendance  on  this 
occasion,  the  first  of  our  monthly  meetings,  and  it  affords  us  excellent  en- 
couragement as  to  what  we  may  expect  in  the  future. 


In  the  autumn  of  the  s  ime  year  (1886)  these  monthly  meetings 
were  resumed  and  have  continued  regularly  since  that  time,  being 
omitted  during  the  summer  months.  These  monthly  meetings 
have  been  held  in  New  York  City,  for  the  reason  that  a  sufficient 
number  of  members  can  always  be  depended  upon  to  prepare 
and  discuss  professional  papers. 

The  General  Meeting  of  1890  was  held  at  Boston,  May  2l8t, 
the  membership  in  that  city  and  vicinity  having  become  suf- 
ficiently large  to  warrant  its  success.  The  occasion  will  long  be 
remembered  by  those  who  were  present,  and  it  appears  probable 
that  hereafter,  by  the  judicious  selection  of  location,  the  May 
meetings  of  the  Institute  may  be  held  each  year  at  diflEerent  cities 
in  the  country. 

Having  become  fairly  established  as  the  national  electrical  or- 
ganization of  America,  it  was  deemed  proper  that  the  Institute 
snould  take  active  steps  towards  identifying  itself  with  interna- 
tional work,  thereby  securing  proper  recognition  for  the  import- 
ant researches  of  Americans,  which  had  hitherto  been  ignored, 
simply  because  no  organized  body  representing  this  country  had 
participated  in  the  International  Congresses  of  Europe. 

Such  a  Congress  was  held  in  Paris  in  1889,  in  connection  with 
the  International  Exposition.  As  it  was  then  supposed  that  a 
World's  Fair  would  be  held  in  America  in  1892,  the  Council  sug- 
gested that  an  International  Congress  should  be  convened  at  that 
time.  With  this  purpose  in  view,  the  following  delegates  were 
appointed  who  attended  the  Paris  Congress  : 

Thomas  A.  Edison,  Carl  Herino, 

Joseph  Wetzler,  E.  Wilbur  Rice,  Jr., 

Nikola  Tesla. 

Their  presence  at  the  Congress  was  recorded  in  the  official 
proceedings. 

In  August,  1889,  the  following  committee  was  appointed  by 
President  Elihu  Thomson  to  make  preparations  for  the  proposed 
International  Congress  in  America  : 

Edward   Weston,  S.  S.  Wheeler, 

Q.  A.  Hamilton,  Henry  Morton, 

Chas.  R.  Cross,  ('.  H.  Haskins, 

R.  W.  Pope,  W.  A.  Anthony, 

E.  J.  Houston,  F.  L.  Pope, 

T.  C.  Martin,  T.  D.  Lockwood, 

(teorge  M.  Phelps,  C.  O.  Mailloux,       j 
Carl  Herino.  ugtzedby^^OOgle 
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The  postponement  of  the  date  of  the  World's  Fair  until  1893, 
and  the  holding  of  an  International  Congress  at  Frankfort  in  1891, 
rendered  it  unnecessary  to  take  any  further  steps  in  this  direc- 
tion, beyond  taking  advantage  of  the  coming  Frankfort  Congress 
to  renew  the  invitation  to  hold  an  International  Congress  in 
America. 

On  December  3,  18S9,  the  Council  appointed  a  Committee  of 
Eleven  "  to  formulate  and  submit  for  approval  a  standard  wiring 
table  for  lighting  and  power  purposes. '  This  committee  sub- 
mitted a  preliminary  report  which  was  discussed  at  the  monthly 
meeting  of  the  Institute,  September  16,  1890,  when  certain 
amendments  were  suggested  wliich  were  embodied  in  a  revised 
report,  submitted  November  18, 1890,  which  was  ordered  printed, 
that  distant  members  might  be  afforded  an  opportunity  to  criti- 
cize it. 

At  the  meeting  of  Council,  held  June  17,  1890,  the  following 
resolutions  were  referred  to  a  meeting  of  the  Institute  and  came 
up  for  action  September  16,  18U0 : 

Whereas^  It  has  been  the  custom  in  the  nomenclature  of  electrical  units 
to  perpetuate  the  names  of  men  who  have  contributed  most  to  electrical 
science ;  and, 

Whereas,  In  the  names  thus  far  adopted  the  eminent  services  of  Amer- 
cans  have  not  been  recognized  ;  therefore, 

Resolved,  That  in  the  opinion  of  the  American  Institute  of  Electrical 
Engineers  a  just  distribution  of  the  honors  thus  bestowed  necessitates  a 
recognition  of  the  splendid  contributions  to  electrical  science  of  one  or  both 
of  America's  great  electricians — Benjamin  Franklin  and  Joseph  Henry ; 
and, 

Resolved,  That  this  Institute  will  gladly  co-operate  with  other  bodies  in 
this  country  and  abroad  to  secure  the  general  adoption  of  these  names  for 
electrical  units ;  and, 

Resolved,  That  the  name  of  Henry  should  be  given  to  the  practical  unit 
of  self-induction,  since  he  was  the  discoverer  and  greatest  investigator  of 
this  phenomenon,  and  because  this  unit  at  present  is  called  a  quadrant, 
which  is  merely  a  numerical  value  and  not  a  suitable  name. 

Resolved.  That  this  Institute  recommend  to  electrical  societies  and 
electrical  engineers  the  general  use  of  the  name  Henry  for  the  unit  of  in- 
duction as  being  the  quickest  and  surest  way  to  secure  its  final  adoption. 

These  resolutions  were  subsequently  amended  in  accordance 
with  the  following  suggestion  : 

Mr.  F.  L.  Pope  : — It  seems  to  me  that  the  ultimate  disposition  we  ought 
to  make  of  this  matter  is  to  refer  it  to  the  International  Electrical  Confer- 
ence, with  our  recommendation  that  the  name  '*  Henry"  be  given  to  the 
firactical  unit  of  self-induction  and  our  recommendation  of  a  certain  value, 
t  does  not  seem  to  me  that  we  can  settle  this  thing  all  by  ourselves.  The 
rest  would  like  at  least  to  be  consulted  about  it.  I  think  if  it  were  referred 
to  them  in  that  way  there  is  very  little  doubt  they  could  adopt  it. 

Upon  the  receipt  of  an  invitation  extended  by  the  management 
of  the  Frankfort  International  Congress  of  1891  to  the  Ameri- 
can Institute  of  Electrical  Engineers,  to  take  part  in  its  delibera- 
tions, the  Institute,  at  the  general  meeting  May  21st,  authorized 
the  Chair  to  appoint  live  delegates  to  attend  the  Congress,  and 
the  following  delegation  was  subsequently  appointed  : 
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Mr.  Carl  Hering,  Chairman, 
Dr  Edward  L.  Nichols,  Mr.  Nikola  Tesla, 

Prof.  Kichard  O.  Heinrich,  Mr.  Ludwig  Gutmann. 

In  his  report  to  the  Council,  at  its  meeting  October  27,  1891, 
Vice-President  Carl  Hering,  Chairman  of  the  Delegation,  sub- 
mitted his  official  report,  which  was  accepted  and  ordered  printed 
in  the  Transactions.  In  this  report  it  is  stated  that  the  delega- 
tion concluded  to  bring  up  two  or  three  matters  which  had  occu- 
pied the  attention  of  the  Institute,  namely : 

The  adoption  of  the  name  "  Henry "  and  a  normal  value  for 
the  resistance  of  copper,  and  in  addition  suggested  the  adoption  of 
a  practical  unit  of  magnetism.  These  they  concluded  were  the 
most  important  questions  to  be  brought  up  at  this  Congress. 
They  prepared  a  sliort  announcement  of  these  propositions  (in 
German)  in  the  name  of  the  American  Institute  of  Electrical  En- 
gineers and  had  it  printed  in  full  in  one  of  the  daily  programmes, 
which  were  distributed  among  all  the  members ;  a  place  was  also 
assigned  to  this  matter  at  the  second  general  session,  September 
10th,  as  announced  on  this  notice,  which  appeared  two  days  before. 

The  substance  of  the  propositions,  as  announced,  was  as^ 
follows : 

1.  That  the  American  Institute  of  Electrical  Engineers  had  adopted  the 
name  "Henry"  for  the  name  of  the  practical  unit  of  induction,  and  that 
we  propose  that  this  Congress  formally  adopt  the  name.  This  was  followed 
by  an  explanation  of  the  value  of  this  unit,  why  this  name  was  preferred  ta 
the  word  **  quadrant,"  and  why  it  was  named  after  Prof.  Henry. 

2.  That  this  Congress  ought  to  adopt  a  name  and  value  for  a  practical 
unit  of  the  intensity  oi  magfnetism.  To  open  a  discussion  we  proposed  the 
name  "Gauss"  and  a  value  of  i,ooo  lines  per  square  centimeter,  or  10.3 
absolute  units. 

3.  That  it  would  be  desirable  to  adopt  a  normal  value  for  the  resistance 
of  copper  to  facilitate  relative  comparisons  for  commercial  purposes.  To 
this  we  added  that  we  wished  merely  to  agitate  this  question  here,  in 
order  that  any  preliminary  tests  to  determine  such  a  value  may  be  made 
between  now  and  the  next  Congress,  so  as  to  facilitate  its  adoption  at  that 
Congress. 

4.  The  announcement  closed  with  an  invitation  to  the  members  of  this 
Confess,  on  the  part  of  the  American  Institute  of  Electrical  Engineers  to 
participate  in  the  next  International  Congress,  to  be  held  under  the  auspices 
of  this  Institute  in  Chicago,  in  1893,  (at  that  time  your  delegates  were  not 
informed  that  this  coming  Congress  was  in  the  hands  of  a  committee  of  the 
Worid's  Fair). 

Although  these  propositions  were  not  adopted,  chiefly  on  ac- 
count of  lack  of  time,  the  effect  of  making  them  has  prepared  the 
way  for  their  adoption  at  the  next  Congress.      Mr.  Hering  sug- 

f rests  that  the  Institute  profit  by  this  experience,  and  that,  as  the 
eading  American  electrical  society,  it  ought  to  take  the  lead  in 
the  matter  of  establishing  and  nairiing  practical  magnetic  units  and 
other  similar  international  matters,  by  considering  the  subject 
now  at  their  meetings,  making  propositions,  publisTiing  them  in 
domestic  and  foreign  journals,  inviting  the  aid  and  criticism  of 
foreign  electricians  and  societies,  and  in  this  way  prepaye^br 
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their  final  settlement  at  the  next  Congress.  A  Congress  is  hardly 
the  place  to  start  a  discussion  on  snch  matters ;  it  is  the  place  to 
finally  settle  a  discussion  which  should  precede  it  in  the  societies 
and  journals  of  the  leading  nations. 

The  adjournment  of  the  Frankfort  Congress,  to  meet  in  Chi- 
cago in  1893,  was  considered  as  settling  the  fact  that  an  Interna- 
tional Electrical  Congress  was  to  be  held  at  that  time,  and  it 
therefore  seemed  proper  that  the  Institute  should  proceed  with 
its  preparatory  work  with  this  end  in  view,  it  having  had  the 
advantage  of  experience  in  the  deliberations  of  two  such  bodies, 
while  a  Targe  number  of  its  members  had  also  participated  in  the 
National  Electrical  Conference  at  Philadelphia  in  1884,  already 
referred  to.  The  Committee  on  the  International  Electrical  Con- 
gress of  1893  accordingly  met  October  27th,  1891,  upon  call  of  the 
Secretary  of  the  Institute,  and  after  organizing,  appointed  addi- 
tional members  and  a  sub-committee,  so  that  it  now  stands  as 
follows : 

T.  CoMMEBFORD  Martin,  Chairman, 

150  Broadway,  New  York  City. 

Ralph  W.  Pope,  Secretary, 

12  West  3l8t  St.,  New  York  City. 

Prof.  W.  A.  Anthony,  Mr.  Thomas  D.  Lockwood, 

Prof.  Alex.  Graham  Bell,  Mr.  C.  O.  Mailloux, 

PRf  F.  Francis  B.  Crocker,  Prof.  Henry  Morton, 

Prof.  Charles  R.  Cross,  Dr.  Edward  L.  Nichols, 

Dr.  William  E.  Geyer,  Mr.  George  M.  Phelps, 

Mr.  Ludwig  Gutmann,  Mr.  Franklin  L.  Pope, 

Mr.  George  A.  Hamilton,  Mr.  Nikola  Tesla, 

Col.  Chas.  II.  Haskins,  Prof.  Elihu  Thomson, 

Mr.  Carl  Hering,  Mr.  Edward  Weston, 

Prof.  Edwin  J.  IIoitston,  Dr.  Schuyler  S.  Wheeler, 
Mr.  a.  E.  Kennklly. 

Sub-Committke  on  Provisional  Programme, 

Mr.  Carl  Hering,  Pkof.  W.  A.  Anthony, 

Mr.  a.  E.  Kennelly. 

In  addition  to  the  legislative  work  as  outlined,  a  paper  wa^ 
read  before  the  Institute  at  its  meeting,  December  16,  1890, 
upon  "Inductance  and  Its  Proposed  Unit  the  Henry,"  by  Mr  .A. 
E.  Kennelly,  which  was  discussed  at  the  following  meeting,  Jan- 
uary 20,  1891,  together  with  the  report  of  the  Committee  on  the 
Valuation  of  the  Henry,  all  of  which  appear  in  *'*©  J^^HJ^^^^e 
the  Transactions  for  January  and  February,  1891.^    ^  S 
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Since  the  above  preparations  for  an  International  Electrical 
Congress  were  undertaken  by  the  Institute,  the  organization  of 
the  World's  Electrical  Congress  in  connection  with  the  World's 
Columbian  Exposition  has  been  placed  in  the  hands  of  the  Elec- 
trical Congress  Committee  of  the  World's  Congress  Auxiliary, 
of  which  Dr.  Elisha  Gray  is  Chairman,  and  the  authorities  of  the 
Institute  are  working  in  harmony  with  it,  as  is  shown  in  the  fol- 
lowing resolution,  passed  by  the  Institute's  Congress  Committee 
December  16th,  1891,  and  approved  at  a  special  meeting  of 
Council  held  December  23rd,  1891. 

JResol/vedj  That  the  American  Institute  of  Electrical  Engineers, 
having  already  taken  action  during  the  past  three  years,  by 
correspondence  and  otherwise,  towards  the  holding  of  an 
International  Electrical  Congress  in  connection  with  the 
Columbian  World's  Fair,  hereby  expresses  its  desire  and  in- 
tention to  co-operate,  by  all  means  in  its  power,  with  the 
World's  Congress  Auxiliary  of  the  World's  Columbian  Ex- 
position, through  its  Electrical  Congress  Committee,  in 
furthering  the  gathering  of  such  a  Congress  at  Chicago  in 
1893,  ana  in  making  it  a  successful  and  worthy  representa- 
tion of  the  best  electrical  science  and  practice  in  all  parts  of 
the  world. 
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President,  The  Monongahela  Elec- 
tric   Light    Co.,    Monongahela 
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Aheam  &  Soper,    Electrical  Sup-  j  A 
plies,  Ottawa,  Ont.  /  M 

{Past  President. )     Consult'g  Elec- 
trician.    The  Mather  Electric  Co, 
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Electrical     Engineer,      33    West  j  A 
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Moore  Electrical  Manufacturing 
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Palace  Car    Co.,    Room    307.  J  ^5^*^'    7    1890 
Pullman  Building,  Chicago,  111.  /  ^  ^P*"'  ^^>  "^i 
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ant  in  the  Practice  of  Patent  (.    ^,  ,      ^ 

V,  with  Gilbert  M.  Piympton,  ]  ^  ^^'  [^  ]^ 
Broadway,  New  York  City.  (  ^  ^^'  ^^*  **^ 
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Address, 
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Law, 
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115  Broadway,  New  York.  /  M  Nov.    1,  1887 

361  Temple  Street,                           j  A  May  24,  1887 
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Aubumdale,                                      S  A  Sept.  3,  1889 

Mass.  i  M  Oct.    I,  1889 

Electrical  Engineer  B,  &  A.  R.  R.  (  .  ,„.      ,^    ^^q^ 

and      Consulting      Electrician,  \  ^  J"*^   "»  HH 

Boston,  Mass.                               (  ^  ^^P^'   ^'  '«®7 

j  A  April  15,  1884 
J.  jM  Jan.     6,  1885 
Thomson- Houston   Electric  Co  , 

Residence,  24  Chase  St.,  Lynn. 

Mass. 
Electrical  Engineer,  i  A 

Wayne  Hotel,  Fort  Wayne,  Ind.  }  M 
Secretary    and     Treasurer,    'I  he  f 

Electrical  Engineering  &  Supply)  A    May  20,  1890 

Co.,  413  Jackson  St.,  and  529I  M  June  17,  1890 
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Electrical  Engineer, 
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Electric  Co.,  403  Sibley  St.,  St 

Paul.  Minn. 
Electrical     Engineer,     Thomson-  ( 
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M  Nov. 


6,  1889 
34.  1891 


May  24,  1887 
Dec.     6,  1887 


,j^ 


April  15, 
Oct.   21. 
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1884 
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7,  1888 
2.  1888 


Houston  Electric  Co.,  68  Baker -^  \i  {^^^  '7,  1890 
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The  "Rookery," Chicago,  Ills.     \  M  May  19,  1891 

Electrician,  The  Commercial  Cable  j  A   Nov.    1,1887 
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Seattle,  Wash.  \  M  Jan.     6,  1885 

Managing  Director  and  Chief  Elec-  ( 
trician,     The    Anglo-Portugese  J  A    Nov.    i,  1887 
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Electrical    Engineer    and 
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Assistant  Electrician,  U.  S.  Elec- j  A  Oct.   21,  1890 

trie  Lijfht  Co.,  Newark,  N.  J.  (  M  Dec.  16,  1890 

President   and   General    Manag^er  (at          q  qq- 

Field  Engineering  Co.,  143  Lib- ]  ^  J"°;    \  ;®|7 

ert>'  St.,  New  York.                     (  ^  ^®^-    ''  "^7 
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Stockbridge,  Mass.  {  M  Oct.  21,  1884 

President,  The  Fitch  Battery  and  j  A   Sept.  3,  1889 

"•       •    "      Oneida,  N.  Y.        >  M  Oct 


Electric  Co., 
Trask  Avenue, 

Bayonne  City,  N.  J. 
(Manager. )    Electrical    Engineer,  j  A   Tune 
"  "       "    '  l  M  Se 


jA  r 


Dec. 
an. 


I,  1889 
6,  1887 
3.  1888 
8,  1887 
6,  1887 


7.  1889 
3,  1889 

2,  1889 
7.  1889 


548  E.  164th  St..  New  York. 
Attomey-at-Law.  Solicitor  of  Pat-  ( 

ents.    Electrical   Expert.  931  Fi 

St..  Washington,  D.  C.  ( 

President,  Spokane  and  University  (  a     a     m 

Heights    Street    Railway    Co.,  -^  ^  ^P"* 

Spokane  Falls,  Wash.  J  M  Maj 

(Present  address  unknown.)  (  A  July   10,  1888 

\  M  Sept.    3.  1889 

(Manager).     Stevens  Institute  of  j  A  June    5,  1888 

Technology,  Hoboken.  N.  J.       "}  M  Sept.    7,  1888 

Haverford  College  P.  O..  Mont-  f 

fomeryCo.,Pa.    President,  The  I  A  June    5,    1888 
llectro  Dynamic  Co.,  224 Carter  I  M  Mar.  18,  1890 
St..  PhiUdelphia.  t 

Civil  Engineer,  <  A  April  15,  1884 

810  Park  Ave.,  Baltimore,  Md.  {  M  Oct.  21,  1884 


(Manager  )  Manager  Time  Service 
W.  U.  Tel.  Co.,  195  Broadway 
P.  O.  Box  3393,  New  York 


Nov. 
Dec. 


I,  1887 
6,  1887 


A  April  15.  1884 
M  Oct.   21,  1884 


Electrician,  Western  Electric  Co., 

22  Thames  cor.  Greenwich  St., 

New  York,  and  532'Morris  Ave., 

Elizabeth,  N.  J. 
(Vice-President.)  Consulting  and  f 

Supervising  Electrical  Engineer,  J  A  June    8,1887 

533TempleCourt,  N.  Y.,and23  J  M  July  12,  1887 

Rowland  St.,  Newark,  N.  J.        C 
Electrician,    80  Broadway,    New  (A   April  15,  1884 

York.  \  M  Oct,  21,  1884 

Electrician,  American  Bell  Tele-  (  *    -^         ^   _gg 

M  Mar'.  18^  1890 


phone  Co.,    127  Purchase  St 
Boston,  Mass. 
Divisional     Telegraph    Engineer, 
Great  Western  Railway,  Taun- 
ton,  Eng. 
R.    N.  Y.  District  Railway  Co, 


'(a  Dec. 
^"1m  Jan. 


6,  1886 
3.  1887 

April  15,  1884 


120  Broadway,  New  York.  /  M  Oct.  21,  1884 
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Hering,  Carl  {Vice-President.)  ConsoWxng  ^\tc- {  j.    t^„       .    ,««* 
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(Manager)    President  Herzog  Te-  (  .    w 
l^^me  Co..  30  Broad  St..  New  j  ^  JJ^^^  J4. 

Electrical  Engrineer,  Genera  1  Man- 
ager, The  Short  Electric  Rail- 
way Co.,  Cleveland,  O. 
Houston,  Prof.  Edwin  J.  Prof,  of  Physics,  Franklin  Inst, 

Prof,  of  Physics  and  Physical 
(>eogjaphy.     Central    High 
School,  1 809  Spring  Garden  St., 
Philadelphia,  Pa. 
Electrician,  Edison  Lamp  Works, 

Harrison  N.  J.  (  M  June 
Electrical   Expert,    Edison   Lamp  j  A  Sept.    3, 
Works,  Harrison,  N.  J.  j  M  Mar.  18, 


-{m: 


une    8 
uly  12, 


April  15 
Oct.  21 


Howell,  John  W. 
Howell,  Wilson  S. 
Hunter,  Rudolph  M. 
Hutchinson,  Dr.  Cary  T 


:s,    j  A  Ji 
J.  1  M  J. 


July 


Hyde,  Jerome  W. 
Jackson,  Dugald  C. 

Jackson,  Francis  E. 
Jannus,  Frankland 
Jenks,  W.  J. 

Jones,  Francis  W. 

Knowles,  E.  R. 

Knudson,  a.  a. 
Lange,  Philip  A. 

Langton,  John 
Lattig,  J.  W. 

Lawson,  A.  J. 
Leonard,  H.  Ward 

Leonard.  M.  B. 


Mechanical  and  Elect 'al  Engineer,  (A  July  131 
926  Walnut  St.,  Philadelphia, Pa.  (  M  May  17, 
Electrical  Engineer,  56  West  25th  ( 
St. ,  Firm  of  Sprague,  Duncan  &  J  A  Feb.  7 
Hutchinson,  15  Wall  St.,  New  |  M  Dec.  16, 
York  City.  t 

"  8, 

I 


Springfield,  Mass. 


li 


June 
Nov. 


Professor  of  Electrical  Engineering  (  *    w« 
University  of  Wisconsin,  Madi--^  f,  1**1   .1 
son,  Wis.  ]MJune  17 

i 


Works, 


With      Edison      Lamp 

Harrison.  N.  J. 
Solicitor  of  Patents.  928-30  F. 

Washington.  I)   C. 
Technical    Department,     Edison 


St 


A  Jan 

M  June  17, 

)A  Nov.  12 
M  Mar.  18, 

General   Electric  Co.,  44  Broad -<  v,  i? 
Street,  Box  3067.  New  Xprk.       (^  ^' 
Assistant  Gen'l-Manager  and  Elec-  (  *     a«-:i  r* 
trician,  Postal-Tclcgraph  Cable  j  ^  0?t    21 


June 
^ov. 


June 
July 

Dec. 
Jan. 


Co.,  5  Dey  St.,  New  York. 
Chief  Electrician,    The    Schuyler 

Electric  Company.  Middletown 

Conn. 
Manager,  Eastern    Electric    Co, 

St.  John,  N.  B. 
Superintendent  of  Detail  Depart-  (  *    *. 

ment,     Westinghouse     Electric  •?  w   r  *'^' 

Co.,  Pittsburgh.  Pa.  (  ^  J"°« 
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Electrical  Engineer  and  Contractor,  jA  Mar.    18, 
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Liberty  St.,  New  York 
Electrical  Engineer,  and  Supt.  of  (  . 

Telegraph,  Chesapeake  &  Ohio  -!  ?, 
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Nov. 
May 
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1890 

1887 
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Phelps,  Geo.  M. 

Pickbrnell,  F.  a. 


AddreM.  Date  of  Membenhip. 

Chief  Engineer.  Societi  Generale  f 
ItaUana  di   ElettriciU  (SistemaJ  A  Sept.    6,  1887 
Edison).       Via    S.    Radigonda  1  M  Nov.    i,  1887 
N.  4,  Milan.  Italy.  t 

(Vue-P  resident,)     Electrical    En- 


gineer.  and  Advisory  Electrician,  \  ^  A^P^? 
P.  O.  Drawer  2,  Boston,  Mass      '  ^  ^^^'  ^' 


i\. 


jA  Jan.     3 
{  M  June    5 

\  A  April  15 
{  M  Oct.  21 


'\^ 


Oct. 
Nov. 


May  ig, 


'1^1," 


uly 
'ar. 


of  ( 
«5) 


M  Dec. 

A  June 
M  Nov. 


Mechanical  and  Elect'al  Engineer, 
307  Grove  St.,  Jersey  City,  N.J. 

Consulting  Electrical  Engineer, 

32  Liberty  St. .  New  York. 
Ph.  B.,  C.  £.      Edison    Electric  (  A  Feb. 

Light  Co.,  Philadelphia,  Pa.        }  M  May 
Inspector  of  Lamp  Manufacture, 

Edison  Lamp  Works,  Harrison 

N.J. 
Electrical  Expert,  j  A  July 

31  Nassau  St.,  New  York.  (  M  Apr. 
Electrical    Engineer,    1409   New  j  A  April  15 

York  Ave.,  Washington,  D.  C.    |  M  Dec.    9 
Electrician,    4426     Sansom     St.,  j  A  Sept.  16 

N.  Philadelphia,  Pa.  |  M     ' 

Lieutenant  of  Engineers,    U.    S. 

Army,  P.O.  Drawer  432.    New 

Orleans,  La. 
Superintendent    Cleveland      Iron  (  A  Jan. 

Mining  Co.,  Ishpeming,  Mich.    }  M  Mar. 
Professor   of   Physics,   at  Cornell  j  A   Oct. 

University,  Ithaca,  N.  Y 
Electrical  Constructor,  member  of 

firm    **  Paine    &    Francis," 

Otis  St.,  Boston,  Mass. 

Edison  General  Electric  Co., 
Fleischner  Building, 

Portland,  Oregon. 
Electrician,  1825  Fifth  Ave., Troy, 

N.  Y 
Electrical  Engineer, 

Edison    General    Electric   Co. ,  ^ 
SchcnecUdy,  N.  Y. 
Electrical  Engineer, 

45  Broadway,  New  York. 
Firm  of  Pattison  Bros.,  Consulting 

and  Constructing  Electrical  En- 
gineers,   135   Broadway,    New^ 

York  City. 
Superintendent    Insulated     Wire 

Dep't,  John  A.  Roebling's  Sons 

Co.,  137  E.  State  St.,  Trenton,"^ 

N.J. 
Engineer  and  Inventor,  655  Wilson 

Ave.,  Cleveland,  O. 
{Treasurer),    Presidtnt,  JS /metrical \ 

Engineer^  150  Broadway,  New- 

York. 
Sup't.  of  Equipment,  Amer.  Tel.  &  (  A  Feb.     7, 

Tel.  Co.,  18  Cortlandt  St.  N.  Y.  \  M  Mar.  18. 

Digitized  by " 


A  Dec.   16, 
M  Nov.  25, 

A  July  12 
'  M  May 


A  Sept. 
M  Mar. 

A  Sept. 
M  Nov. 


A  Sept.  22, 
M  Dec.  16 


.Sept.  16, 
Dec.  16, 


A  Feb. 
M  May 


April  1 5 
Oct.  21 


1884 
1884 

1888 
1888 

1884 
1884 
1888 
1888 

1889 
1889 

1887 
1891 
1884 
1888 
1890 
1 891 

1884 
1885 

X885 
1885 
1887 
1887 

1887 
1887 

1890 
189X 

1887 
1888 

1888 
1890 

1887 
1888 

1 891 
1 891 


1890 
T890 

1888 
1888 

1884 
1884 


1890 
..  *«.  1890 
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Name. 

PoPK,  Franklin  L. 


Date  of  Membership. 


A   April  15,  1884 
M  Oct.  21,  18S4 


Address. 
{Past  President^,  Coosulting  Elec- 
trical    Engineer    and    Expert, 
15  Wall  vSt..  N.  V.     Residence, 
Elirabeth.  N.  J.  t 

29  Broadway.  New  York  City.         j  ^  ^^^-   ^;  jg 

Electrician.       Treas.     and    Mgr.  (  .    ,  ,  -^ 

Electric  Mfg.  Co.  and  Gas  En--^  w  i^'^  "'  \^l 
gine  Co.,  Greenbush.  N.  Y.  (^  ^^^'  ^'  '^^7 

Electrical  Engineer.  (A  July  12,  1887 

PittsBeld,  Mass.  (  M  Nov.    i,  1887 

Civil  and  Electrical  Engineer,  Mer-  (  .    j  «     p^ 

rimac  Consolidated  Mining  Co.,  \  {>  {?"f  ,1'  \lil 
Platoro.  Conejos  Co.,  Col  (  ^  ^^^  '7,  1887 

Electrical  Engineer,  7  Albert  Ter-  (  a    11^ 
race,  Hemberton  Road,  Stock-  \  V.  t!®; 
well.  London,  S.  W.  England.     (  ^  ^^^ 
Reckenzaun,  Frederick,  Electrician,  Box  225,    West    Ho-  j  A   Mar 
boken,  N.  J.  /  M  June 

General  Superintendent  and  Con-  (  .  j^ 
suiting  Electrician,  Thomson- •<  w  « 
Houston  Elec.  Co.,  Lynn,  Mass  (  ^  J*" 


Porter,  J.  F. 
Pratt,  Robert  J. 

Prescott,  Geo.  B.,  Jr. 
Raymond,  Chas.  W. 

Reckenzaun,  Anthony 


Rice,  E.  Wilhur,  Jr. 


RiEs.  Elias  E. 


Electrician    and    Electrical  Engi-  (  *    r  1  00 

neer,      430    South     Broadway,  \  ^  ^^   "'  ;||7 
Baltimore,  Md.  /  ^  ^P^'   ^»  "^7 


Roberts,  E.  P. 
RoHRER,  Albert  L. 


r,  1887 
6,  1887 

6,  1888 

5,  1888 

6,  1887 
3,  1888 


Electrician  and  Sup't,  Swan  Lamp  (  A  Jan. 
Co.,  Belden  St.,  Cleveland,  O.     \  M  Feb. 

Electrical   Engineer,  with  Thom-  i  .    ^ 
son-Houston  Electric  Co.,  Lynn,  ■!  (^  „  ^' 
Mass.  ^       ]  M  May 

Salomons,  5i>  David  Lionel,  Bart.  M.  A,,      Engineer  and  f 

Barrister,  Broomhill,  TunbridgeJ  A  Feb. 
Wells,  Kent,  and  49  Grosvenor  1  M  May 
St.,  London,  W.,  England.  [ 

44  Monroe  Place,  Brooklyn,  N.  Y.  j  ^  ^^z' 

Electrician,  Westinghouse  Electric  j  A  Sept 

Co.,  Pittsburgh,  Pa.  \  M  Dec. 

Sheldon,  Samuel,  A.  M.  Ph.  D.     Professor  of  Physics  and  f 

Electrical    Engineering,    Poly- J  A  Dec. 

tcchnic  Institute,  170  State  St.,  1  M  Oct. 

Brooklyn,  N  Y.  \ 

Lincoln    St.    Ry.   Co.,     Lincoln,  jA  Feb, 

Neb. 


1885 
1885 


I,  1887 
I,  1888 


Schulze-Berge.  Franz 
Shallenberger,  O.  B. 


Shepard,  Wm.  E. 


7,  1888 
I,  1888 

12,  1889 

18,  1890 

7,  x888 

4,  1888 

16,  1890 
27,  1891 

7,  1890 


Slater,  Henry  B. 


Smith,  Jesse  M. 


Smith,  T.  Carpenter 


Standkord,  William 


Stebbins,  Theodore 


\  M  Mar.  18,  1890 

Manager  and  Sup't.  The  Canon  i  .  A„^iT.r  TQe. 
City  Electric  Light  and  Power -^  ^  Apnl  15,  I884 
Co.,  Canon  City  Col.  (  ^  ^*^^-    9.  i 

Consulting  Electrical  Engineer  and  (  «    a     -i 
Expert    in   Patent    Causes.    36-^  f:  ^^"*  ^f'  ^ 
Moffatt  Block,  Detroit,  Mich.     (  ^^  June  26,  i 

Partner  in  fir  n  of  M.  R.   Muckle  (  .     ^^  « 

Jr.  &  Co.,  212  Drexel  Building.  \  ij,  ^        I'  ^V^ 
kiladelphia.  Pa.  ^  \^  ^^^'  '^'  ^891 


1884 

884 
1891 


Ass't  Sup't   Telegraphs.  Colonial  ( 

. . ..  _  .  ..  ,| 


Gov't,  Cape  Town,  Cape  of  Good  -j  ^  ^^' 


4.  1887 
6,  1887 


Hope,  Africa. 

Electric  Railway  Inspector,  Thorn-  (.     t  1  a  a 

son-Houston    Elec.     Co,    620-{^>*y     9.1889 
Atlantic  Ave.^  Boston,  Mass.u,g,t,ie^b/^iWJ?^^W? 


ei6 


MEMBERS- 


Name. 
Stbinmetz,  Charles  P. 

Stieringkr,  Luther 

Taintor.  Giles 

T  ALT  A  V  ALL.  ThOS.  R. 

Terry,  Charles  A. 
Thomson,  Prof.  Elihu 

Thompson,  Edward  P. 

Thurnauer,  Ernst 

Trowbridge,  Prof.  W.  P. 
Turner,  William  S. 

Vail.  J.  H. 

Van  Depoele,  Charles  J. 

Vansize,  William  B. 
Waddell,  Montgomery 
Walker.  Sydney  F. 
Waldo,  Dr.  Leonard 

Weaver,  W.  D. 
Webb,  Herbert  Laws 
Weeks,  Edwin  R. 

Weller,  Harry  W. 

Weston,  Edward 


i(A 


Address. 
Electrician,  Ostcrhcld   &   Eickc-  j  A 

meyer,  Yonkcrs,  N.  Y.  ^  M 

Electrical  Expert,  1873  Lexington 

Ave.,  New  York. 

Assistant  Electrician,  N.  E.  Tele-  (  ^ 

phone  and   Telegraph   Co.,   7  ■{  w 

Walnut  St.,  Boston,  Mass.         (  ^ 
Editor,  Electrical  Age ^  \  A 

World  Building,  New  York  City.  \  M 
Lawyer,     Westinghouse    Electric  j  A 

Co,  Pittsburgh,  Pa.  \  M 

i^Past    President).       Electrician,  f 

Thomson  Houston  Electric  Co.,  J  A 

and  Thomson  Electric  Welding  1  M 

Co.,  Lynn,  Mass.  [ 

Consulting  Electrician  and  Patent  (  a 

Attorney  in  Electrical  Cases,  5  -j  »# 

Beekman  St.,  New  York.  ( 

Manager,     Thomson- Houston  (  . 

International  Elec.  Co.,  7  Rue-j  y, 

du  Louvre,  Paris,  France.  ( 

,  School  of   Mines.  Columbia  Col-  j  A 

lege,  New  York.  \  M 

Electrical   Engineer,  Woodbridge 

&  Turner,  47  Times  Building, 

New  York. 

Ass't    Engineer  in  Chief,  Edison  [  . 
General   Electric    Co.,    Edison-^ 


dbridge  (  ^ 
Liilding,  j  j^ 


Building,  P.  O.  Box  3067,  N.  Y. 


M 


Electrician,     Electrical     Railway  (  . 
Department,  Thomson-Houston  s  ^ 
Electric  Co.,  Lynn,  Mass.  ( 

Solicitor  of  Patents,  44  Broad  St.,  j  A 
New  York.  \  M 

Engineer,      The      Waddell-Entz  j  A 
Electric  Co.,  Bridgeport,  Conn.    /  M 

Electrical   Engineer,    195   Severn  j  A 
Road,  Cardiff,  England.  (  M 

Electrical  Engineer,  The  Alumi-  f  . 
num  Brass  &  Bronze  Co.,  Bridge-  \  ,, 
port.  Conn.  f 

Hall  Building, 

Troy,  N.  Y 

26  West  34th  Street.  j  A 

New  York  City.  \  M 

General    Manager,    Kansas    City  f 
Electric    Light    Co. ,     National  J  A 
Bank  of  Kansas  City  Building.  1  M 
Kansas  City,  Mo.  l^ 

Railroad   Inspector,  The    Edison 

General    Electric  Co.,     Edison)  A 

Building,     Broad  Street,    New  ]  M 
York  City. 

{Past  President.)     Electrician,         jA 
645  High  St.,  Newark,  N.  J.    JM 

Digitized  ' 


,u 


Date  of  Electioo. 
Mar.  18,  1890 
April  21,  i8gi 
June  8,  1887 
Nov,    I,  1887 

June  26,  1 891 
Dec.  16,  1 89 1 

Jan.  20,  1 89 1 
Oct.  27,  1891 
April  5,  1887 
May  17,  1887 

April  15,  1884 
April  21,  1891 

April  15,  1884 
Dec.     3,  1889 

Oct.  14,  1887 
Dec.    6,  1887 

April  15,  1884 
Oct.  21,  1884 

Dec.  7,  1886 
Oct.     2,  1888 

June  8  1887 
Nov.  I,  1887 

June  5,  1888 
Sept.  7,  1888 

April  15,  1884 
Oct.  21,  1884 

Feb.  7,  1888 
May  I,  1888 

June  2,  1885 
May  17,  1887 

June  5,  1888 
Dec.    4,  1888 

May  17,  1887 
May  17,  1887 

Oct.  21,  1890 
Dec.  16,  1890 

Sept.  6,  1887 
Nov.  I,  1887 


Oct.  21,  1890 
Nov.  24,  1 89 1 

April  15,  1884 
Oct.  21,  1884 
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Name. 

Wetzler,  Joseph 


Addre 


82  Bond  St.,  London  England. 


{fue-PrtsidfnL)  Editor  £l^c(rira/ \  A 
Enj^tneer^  1 50  Broadway,  N.  Y.  "J  M 

iU 
Wheeler,  Schuyler  S.,  ScD.     President    Crocker-Wheeler  f 

Electric     Motor    Co.,    430-432!   . 

West  Fourteenth  St.,  Electrical  j  V. 

Expert,  Board  of  Electrical  Con-  I 

trol,  1266  Broadway,  New  York.  (^ 
Edison  General  Electric  Co., Edison  \  A 

Building,  Box  3067,  N.  Y.  City.    {  M 
Electrician,   293  Lenox  (6)  Ave.,  j  A 

New  York.  (  M 

Designer    of      Steam     Electrical  j  A 

Plants.  Wilton,  Conn.  (  M 

Consulting  Electrician.  849  Greene  j  A 

Ave  ,  Brooklyn.  NY.  (  M 

Electrical  Engineer.   Woodbridge  (  . 

&  Turner,  47  Times  Building,  \  ^ 

New  York;  (  ^ 

Superintendent    and   Electrician,  f 

Mount  Morris  Electric  Co., Van- J  A 

dam  and  Greenwich  Sts.,  New  1  M 

York  City.  t 

Zetzschk,  Dr.  CarlEduard,  Telegraph  Engineer,  Carlstrasse  j  A 

8,  II  Dresden,  N.  Saxony,  (  M 

Members,  -  172. 


Wharton,  Chas.  J. 


Wilkes,  Gilbkrt 
Wilson,  Fremont 
Winchester,  A.  E. 

'WOLCOTT,  ToWNSEND 

Woodbridge,  J.  L. 
Young,  C.  Griffith 


Date  of  Election. 
April  15,  1884 
Dec.  9,  1884 
Jan.  3,  1888 
May  I,  1888 


June  2,  188S 
Sept.  I,  188S 


Jan. 
Mar. 
Mar. 
June 
June 
Nov. 

Mar. 
Dec. 

June 
Nov. 


7.  1890 
18,  1890 

6,  1888 

5,  1888 

8,  1887 
I,  1887 

6,  1888 
16,  1890 

8,  1887 
1,  1887 


Jan.   3.  1889 
April  21,  1891 

Nov.  I,  1887 
Jan.  3,  1888 


ame. 

Abernethy,  j.  p. 
Abbott,  Arthur  V. 


Alden,  James  S, 
Alexander,  Harry 
Alexander,  P.  H, 

Andrews,  Wm.  S. 

Anthony,  Watson  G. 
Atwood,  George  F. 

Aykr,  James  I 

Ayres,  Brown 


ASSOCIATE  MEMBERS. 

Address.  Date  of  Election. 

Superintendent  of  Telegraph,  53  City 

Hall.  Cleveland,  O.  July      7,  1884 

Mechanical  Flngineer,  North  Ave. 
Railway  Co.,  nlackstone  Building, 
Baltimore,  Md.  Oct.   21,  1890 

Assistant  Manager,  with  L.  H.  Alden. 

486  River  Drive,  Passaic,  N.  J.      May  19,  1891 
Electrical  Contractor,  126  Liberty  and 

340  W.  145th  St.,  New  York  City.        April  21,  1891 
President,    Alexander,    Barney  and 
Chapin,    20  Cortlandt    St.,  New 
York  City.  Dec.  16,  1890 

Supt.    Construction    Dept.,    Edison 
General  Electric  Co., Edison  Build- 
ing, Box  3067,  New  York.  Mar.     5,  1889 
Assistant    Electrician,    The  Okonite 

Co,,  32^  Webster  St. .Newark,  N.J.     Feb.   24,1891 
Edison  Laboratory, 

Orange, 

N.  J.  Sept.  16,  1890 

General  Manager,  Municipal  Electric 
L.  &  P.  Co.,  322  Pine  St..  St. 
Louis,  Mo.  May   19,  1891 

Professor  of  Physics  and   Electrical 

Engineering,    Tulane    University,       C^ r\r\r^lr> 
New  Orleans.  La.  Digitized  b^l>e?Mfe?^Wt 
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ASSOCIATE  MEMBBES. 


Name. 

Backstrom,  Chas.  a. 


Baillard,  E.  v. 
Barnard,  John  H. 

Barton,  Enos  M. 
Barrett,  John  A. 
Bates,  D.  H. 

Bates,  F.  C. 
Bauer,  W.  F. 

Bayles,  Robert  N. 

Beattie,  John,  Jr. 

Bedell,  Frederick 

Bbnbow,  William  C. 
Benjamin,  Park 
Bennett,  J.  C. 
Berhgoi.tz,  Herman 

Berliner,  Emile 

Bishop,  James  Draper 

Black,  Chas.  N. 
Blake,  Henry  W. 
Bliss,  Donald  M. 
Bliss,  Wm.  J.  A. 
Blood,  W.  Henry,  Jr. 
Bogart,  a.  Livingston 
Bogue,  Charles  J. 


Address.  Date  of  Flection. 

Manufacturer  of  Electric  Incandes- 
cent Lvnps,  (Present  address  un- 
known.) Nov.   13,  1888 

363  Manhattan  Ave.,  New  York.  Dec.    3,  1889 

General  Manager,  Asheville  Street 
Railway  Co.,  and  Asheville  Light 
and  Power  Co.,  Asheville.  N.  C.         June  26,  1891. 

President  Western  Electric  Co.,  227 

South  Clinton  St..  Chicago,  111.         July    12,  1887 

Electrical  Engineer  and  Expert,  13 

Park  Row.  New  York  City.  June     8,  1887 

Vice-President  and  GenM  Manager, 
The  Electrical  Accumulator  Co., 
44  Broadway,  New  York.  April  15,  1884 

Electrical  Engineer,  with  Thomson- 
Houston  Electric  Co.,  Lynn,  Mass.     Jan.    20,1891 

Constructionist,  The  Electrical  Accum- 
ulator Co.,  62  Steuben  St.,  East 
Orange,  N.  J.  April  15,  1890- 

Electrician,  The  "CAC"  Electric 

Motor  Co.,    404   Greenwich   St., 

New  York.  Oct.      i,  1889 

Manager  and  Superintendent,    The 

Beattie  Battery,  Zinc  and  Electric 

Co.,  Fall  River,  Mass  Sept.    6,  1887 

Graduate  Student,  Cornell  Uni- 
versity, 1 18  Elm   St.,   Montclair, 

N.  J.  April  21,  1891 

Care     Thomson-Houston      Electric 

Co.,  Atlanta,  Ga.  Nov.   12,  1889- 

Electrical  Expert  and  Engineer, 

32  Park  Place,  N.  Y.  City.     Dec.  16,  1891 
Electrician,  United  Edison  Mfg.  Co. 

Box  3067, 44  Broad  St..  New  York.    Mar.   18,  1890 

General  Manager,   The  Wightman 

Elec.  Mfg.  Co.,  4  Commonwealth 

Bldg..  Scranton,  Pa.  April    2,  1889 

Inventor,  Columbia  Road,  between 

Fourteenth    and    Fifteenth    Sts.. 

Washington,  DC.  April  15,  1884 

Electrical    Expert,   Johi    A.    Roeb- 

lings'  Sons  Co.,  345  W.  34th  St., 

New  York  City.  Dec.    16,  1891 

II 13  Wilson  Avenue, 

Cleveland,  O.  Feb.     7,  1890 

The  Street  Railway  Publishing  Co.. 

World  Building,  New  York  City.      Nov.  13,  1888 

Electrician.    The    Canada    Electric 

Co.,  Amherst,  N.  S.  Feb.     7,  1890 

820  Connecticut  Ave., 

Washington,  D.  C.     Jan.    20,  1891 
Dealer  in  Electrical  Supplies, 

Kansas  City,  Mo.     April    2,  1889 
Electrical    and    Patent    Expert,    22 

Union  Square.  New  York,  Jm^A9^^?1 

165  West  Eighteenth  St..  New  's^g^Sf  Si^^^PSI 


ASSOCIATE  MEMBERS. 

A  ddress. 
Electrician    and    General    Manager, 
White  House  Mills.  Hoosick,  N.Y. 
Electrical   Engineer,    505  Exchange 
Bldg.,  Boston,  Mass.,  6FarrarSt., 
Lynn,  Mass 
Electrical  Engineer,  The  Field  En- 
gineering Co.,    143   Liberty  St , 
New  York  City.. 
Electrical  Engineer,  Royal  Electric 
Co.,  Montreal,  P.  Q. 
Brackett,  Prof.  Cyrus  F.  Princeton,  N.  J. 
Braddeli..  Alfred  E. 


Nairn:. 

BoTTOME,  Turner  D. 

BOTTOMLEY,  HaRRY 


Bourne,  Frank 


Bowman,  Fred  A. 


61& 
Date  af  Election. 
April  21,  1891 

April    2.  1889 

April  21,  1891 

May  iq,  1891 
April  15,  1889 


Electrical  Inspector,  Underwriters' 
Association,  Middle  Dep't,  308 
Walnut  St.,  Philadelphia,  Pa.  Sept.  I,  1890 

Electrical  Stafif  World's  Columbian 
Exposition,  15  Oakwood  Avenue, 
Chicago,  HI.  May  20,  1890 

State  Agent, 
Thomson-Houston  Electric  Co., 

Syracuse,  N.  Y.     July    12,  1887 

Vice-President,  Central  Electric  Con- 
struction Co.,  515  Walnut  St.,  St. 
Louis.  Mo.  April    2,  1889 

Chief  Inspector,  Electric  Mutual 
Insurance  Co.,  85  Water  St., 
Room  50,  Boston.  Mar.    5,  1889 

Electrical  Engineer,  136  Liberty 
St.,  New  York  City.  Jan.      7,  1890 

•  Electrical  Engineer,  Western  Union 
Telegraph  Co.,  195  Broadway, 
New  York  City.  Mar.    18,  1890 

Attorney,  Firm  of  Barton  &  Brown, 
Attorneys  and  Counsellors,  225 
Dearborn  St..  Chicago,  111.  July    12,  1887 

Promoter  and  Contractor,  41  Dey 
St..  New  York.  Dec.     6,  1887 

Patent  Attorney,  Western  Union 
Telegraph  Co.,  195  Broadway, 
P.  O   Box  33^3,  New  York.  April  15.  1884 

Thomson- Houston  Electric  Co., 

Lynn,  Mass.     Oct.     21,  1890 
Bunce,  Theodore  D.,  Jr.    Battery    Expert,   The    Consolidated 

Electric    Storage    Co.,    477    No. 
Penna  St.,  Indianapolis,  Ind.  May    20,  1890 

Consulting  Electrical  Engineer,  Room 

55,  4th  Floor.  120  Broadway,  N.  Y.     Feb.     7,  1890 

Sup't.  Isolated  Dep't.  Thomson- 
Houston  Electric  Co.,  620  Atlantic 
Ave.,  Boston,  Mass.  April  21,  1891 

President,  Electrical  Forging  Co., 
194  Washington  St.,  Boston,  Mass.     April  21,  1891 

Electrician,   Rutherford  B.  S.  &  C. 

Elec.  Co.,  Rutherford,  N.  J.  Feb.     7,  1890 

Assistant  Editor,  Electrical  Wot  Id, 

167  Times  Building,  New  York  City.     Jan.    20.  i8qz 
Proprietor  Western  Electric  Construc- 
tion Co  .   503  Delaware  St.,  Kansas      C^ r\r\(^\r> 

City,     Mo.    and     151     Henrf '9*51??  t)y>^UU^H^ 

Brooklyn,  N.  V.  Sept.  22,  1891 


Bradley,  Fred.  W. 

Brady,  Paul  T. 

Briner,  C.  J. 

Brophy,  William 

Brown,  Alex.  S. 
Brown,  Alfred  S. 

Brown,  Charles  A. 

Brownin(;.  Howard  L. 
Buckingham,  Chas.  L. 

BuLKLEY,  J.  Norman 


Burns,  Elmer  Z. 
Burleigh,  Chas.  B. 

Burton,  Geo.  D. 
Buys,  Bert. 
Caldwell,  Edward 
Caldwell,  Fordyce  S. 
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ASSOCIATE  MEMBERS. 


Name. 

Cartwright,  Fred'k.  G. 


Carty,  J  J. 

Case,  Willard  E. 
Casper,  Louis 


Address. 
Electrical  Engineer,  and  Agent  Fort 
Wayne  Electric  Co.,  35  New  Mont- 
gomery St.,  San  Francisco,  Cal. 
Electrician,  Metropolitan  Telephone 
and  Telegraph  Co.,  18  Cortlandt 
St.,  New  York. 

6  Fort  St..  Auburn,  N.  Y. 
Wheatstone  Repeater  Chief,  Western 


Union  Telegraph  Co.,  Cheyenne, 

Wyoming. 
Electrician.       Metropolitan   R.    R. 

Co.,  241 1  P  St.,  N.  W.  Washing- 
ton, D.  C. 
Professor    of  Chemistry,    Columbia 

College,  and  Prof,  of  Chemistry 

and  Physics,  College  of  Physicians 

and  Surgeons,  New  York  City. 
Scc'y.  Treas'r  and  General  Manager, 

The     Elmira     Illuminating    Co., 

Elmira,  N.  Y. 
Electrical      Engineer,     Willamette 

Falls      Electric     Co.,      Portland, 

Oregon. 
Chermont,  Antonio  Leite, Manager    Telephone  Co.   of  Para, 

Para,  U.  S.  of  Brazil,  Care  Herbst 

Bros,  Box  1377,  New  York. 
Contractor  and   Builder  of   Electric 

Railways,     115    Broadway,    New 

York. 
Bookkeeper    for   The   Estey   Organ 

Co.,  Brattleboro,  Vt. 
Edison  General  Electric  Co.,  Edison 

Building,    P.  O.   Box   3067,  New 

York. 
The  New  Omaha  Thomson- Houston 

Electric  Co.,  Omaha,  Neb. 
Engineering      Dept, ,      Schenectady 

Works,  Edison  General  Elec.  Co., 

25  Front  St.,  Schenectady,  N.  Y. 

1 01 3  Central  Ave.,  Oakland,  Cal. 


Chamberlain,  F.  H. 


Chandler,  Charles  F. 


Cheney,  Frederick  A. 


Cheney,  W.  C. 


Child,  Frank  W. 

Childs,  W.  H, 
Chinnock,  C.  E. 

Chubbuck,  H.  Eugene 
Churchill,  Arthur. 


Clement,  Lewis  M. 
Cleveland,  Wm.  B. 

Cobb,  John  S. 
Coffin,  C'has.  A. 

Cogswell,  A.  R. 

Colgate,  Geo.  L. 
Colley,  Benjamin  W. 

Colville,  Frank  C. 


Electrical  Engineer,  309  Perry-Payne 
Building,  Cleveland,  O. 

Electrician,  136  Liberty  St.,  New  York. 

Vice-President  and  Treasurer,  Thom- 
son-Houston Electric  Co.,  620  At- 
lantic Ave.,  Boston,  Mass. 

Electrician  and  Superintendent,  Hali- 
fax Illuminating  and  Motor  Co. 
Ltd.,  34  Bishop  St  ,  Halifax,  N.  S. 

Electrical  Engineer,  Bed  ford  Electric 
Co.,  Bedford  City,  Va. 

First  Ass't.  Superintendent,  The 
Commercial  Cable  Co ,  Hazel 
Hill,  N.  S. 

Electrician  and  Inventor, 

1503  Seventh  Ave.,  Oakland,  Cal. 

Digitized 


Date  of  Election. 

Sept.  22,  1 891 

April  15,  1890 
Feb.     7.  1B88 

April  21,  1891 
June    17,  1890 

Jan.    20,  1891 

Oct.      I,  1889 

Sept.  22.  1 89 1 

Mar.    18.  1890 

July    10,  1888 
Sept.    6,  1887 

April  15.  1884 
Dec.     4,  1888 

April    15,  J 890 
April  21,  1891 

April  15,  1884 
June  17,  i8go 

Dec.     6.  1887 

April  21,  1891 
June    17,  1890 

Oct.     21,  i8go 
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Name. 
-CoMPTON,  Alfred  G. 


Cornell,  Chas.  L. 
Cram.  Henry  B. 

Crane,  W.  F.  D. 

Crosby,  Oscar  T. 
CuNT^,  Johannes  H. 


Address.  Date  of  Election. 

{Manager,)     Professor  of    Physics, 
College  of  the  City  of  New  York, 
17  Lexington  Ave.,  New  York.         Nov.    I,  1887 
Electrical     Engineer,    Cornell    En- 
gineering Co.,  45  Broadway,  N.  Y.    Feb.      7,1890 

Treasurer,   Bernstein  Electric   Co., 
620  Atlantic  Ave., 

Boston,  Mass.     June  26,  1891 
Engineer,    Engineering    Equipment 
Co. ,   143  Liberty  St  ,  New  York 
City.,  and  24  Halstead  PI.,  East 
Orange,  N.  J.  Feb.    7,  1888 

General  Manager  Railway  Dep'tment, 
Thomson- Houston  Electric  Co. , 
620  Atlantic  Ave.,  Boston,  Mass.     Mar.     18,  1890 


Curtis,  Chas.  G. 
Cushing,  F.  W. 

CUSHMAN,  HoLBROOK 


Assistant  to  Pies't  Henry  Morton, 
Stevens  Institute  of  Technology, 
137  Hudson  St.,  Hoboken,  N.  J. 

63  Broadway,  and  441  Park  Ave., 
New  York. 


Mar. 

Mar.  5.  1889 
April  15,  1884 
Nov.  24,  1891 


Secretary,  Central  Electric  Co.,  118 
Franklin  St.,  Chicago,  111. 

Instructor  in  Physics,  Columbia  Col- 
lege, 337  West  Twenty-second  St., 
New  York.  June     5,  1888 

Engineering  Dep't.,  The  Northwest 
Thomson-Houston  Electric  Co., 
Front  and  A  Sts.,  Portland,  Or.        June  26,  1891 

Agent  Washburn  and  Moen  M'f'g 

Co.,  16  Cliff  St.,  New  York.  April  15,  1884 

Care  of  Barry  &  McTighe,  52  and  54 

William  St.,  New  York  City.  Nov.   12,  1889 

General  Manager,  Thomson-Hous- 
ton International  Electric  Co.,  620 
Atlantic  Ave.,  Boston,  Mass.  June      4,  1889 

Patent   Lawyer,    Room   179,  Times 

Bldg.,  New  York.  Feb.      7,  1890 

Superintendent,  Light,jHeat&  Power 
Co  ,  Pueblo,  Col.  July    12,  1887 

Superintendent,  Salem  Electric  Light 
&  Power  Co..  Salem,  O.  April    2,  1889 

Consulting  Engineer,  Care  of  Phoenix 
Construction  Co.,  115  W.  38th  St.. 
New  York  City.  April  15,  1884 

Ass't   Electrician.   Postal  Telegraph 

Cable  Co  ,  5  Dey  St.,  New  York.      April    6,  1886 
IDE  Khotinsky,  Capt.  Achilles,    Electrician,  Germ.inia   Elec- 
tric   Co.,    505    Exchange    Bldg., 
Boston,   Mass.  Oct.  27,  1891 

Professor  of  Experimental  Mechanics, 
Stevens  Institute  of  Technology, 
Hoboken.  N.  J..  July    12,  1887 

1007  Asylum  Ave.,  Hartford.  Conn.      Nov.  18,  1890 

Atlorney-at-Law,  15  Wall  St.,  N.  Y.     April  15,  1884 


Pame,  Frank  L. 
Dana  R.  K. 

DANIELL,  h  RANCIS  G. 

Davenport,  George  W. 

Davidson,  Edw.  C. 
Davis,  Chas.  M. 
Davis,  Dblamorb  L. 
Davis,  Joseph  P. 

T)Avis,  Minor  M. 


Denton,  James  E. 


DicKERMAN,  George  W. 
DiCKERSON,  E.  N. 
Dion,  Alfred  A. 


Manager,  Ahearn  &  Soper, 

Ottawa, 


,g!lidb/@0(!^g!^ 
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Name. 

DoANE,  S.  EvERErr 


DoBBiE,  Robert  S. 
DoREMus,  Charles  A. 

Dressler,  Charles  E. 


•   Address. 
Thorn  son- Houston      Electric      Co., 

Swampscott.  Mass. 
Edison  General  Elec.  Co.,  Broad  St., 
N.  Y.  City.  Box  3067. 
(V,  D.  Ph.  D.     Chemist  and  Physicist, 
Bellevue  Hospital  Medical  College, 
Collejfe  of  the  City  of  New  York 
and  American  Veterinary  College, 
92  Lexington  Ave  ,  New  York. 
Maker   of    Scientific  and  Electrical 
Apparatus,  College  of  the  City  of 
New   York,    17    Lexington   Ave., 
New  York  City. 
Dundkrdale,  CleavelandF.  Agent  Westinghousc  Electric  Co., 

146  Adams  St.,  Chicago.  III. 
Dunn,  Gang  S.  Electrical  Engineer,  of  the  Crocker- 

Wheeler   Electric   Co  ,   430  West 
14th   St..   Residence,   223  Central 
Park.  West   New  York  City. 
DuNSTON,  Robert  Edward,  President,  The  Connecticut  Motor 

Co..  Plantsville.  Ct. 

Vice-Pres't  of  Bell  Telephone  Co.  of 
Mo.,  322  Pine  St.,  St.  Louis,  Mo. 

Electrician, Thomson-Houston  Elec- 
tric Co. .  Lynn.  Mass. 

Electrical  Workshop  Sup't.  W.  C.  & 
S.  W  Telephone  Co.,  88  Colston 
St  ,  Bristol,  Eng. 

Under-graduate    in    Electrical    En- 
gineering,   Princeton    University, 
Princeton,  N.  J. 
Emery,  Charles  Edward    Consulting  Engineer.  Bennet  Build- 
ing, cor.  Fulton  and  Nassau  Sts., 
New  York. 

}*u  Wisher  and  Printer,  36^Cortlandt 
St.,  New  York. 

Electrical  Engineer,  The  Waddell- 
Entz  Co.,  Bridgeport,  Ct. 

Electrician,  The  Essick  Printing 
Tel.  Co..  171  Broadway,  New 
York  City,  and  Yonkers,  N.  Y. 

Electrical  Expert.  Thomson  Elec- 
tric VVeldirg  Co.,  89  State  St., 
Boston,  Mass. 

(ieneral  Manager,  Maine  Electric 
I  mprovement  Co. ,  136  Liberty  St., 
New  York. 


DuRANT,  Geo.  F. 


Ekstrom,  Axel 


Eley,  Harris  H. 


Elmer,  William,  Jr. 


Emmet,  Herman  L.  R. 
Entz,  Justus  B. 
Essick,  Samukl  V. 

Everest,  Auc.ustink  R. 
Fay,  Thomas  J. 


Fielding,  Frank  E. 


Fischer,  Gustave  J. 


F18H,  Walter  C. 


Ffske,  Henry  G. 


Chemist  and  Assayer,  Virginia  City, 

Nev. 
Engineer  for  Tramway  Construction, 
Public  Works  Department, 

Sydney,  N.  S.  W. 
Manager,  Bernstein  Electric  Co. , 

620  .Atlantic  Ave.,  Boston,  Mass. 
Electrician,    Croion    Magnetic    Iron 
Mines.       45    East  Twenty-second 
Digitized 


Street,  New  \'ork. 


Date  of  Election 
Aug.  6,  1889 
Feb.     5    1889 

July      7,  1884 

Dec.  16,  1890 
June  17,  1890 

April  21,  1891 

Oct.  27.  1891 

April  15,  1884 

June  17,  1890 

Jan.      7,  1890 

Mar.  18,  1890 

June  26,  1 891 
April  15,  1884 
Jan.      7.  1890 

May  19,  1 891 
May  19,  1 891 

June  26,  1891 
Sept.  6,  1887 

Jan.  20.  1891 
June  26,  1 891 
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Name. 
FiSKE,  J.  P.  B. 

Fitch,  Graham  I). 


Flack,  J.  Day 

Flood,  J.  F. 
FooTE,  Allen  R. 

FooTE,  Charles  W. 

FooTE,  Thos.  H. 
Forbes,  Francis 

Fox,  John  M. 
Francisco,  M.  J. 

Freedman,  William  H. 

French,  E.  L. 
Fuller,  Levi  K. 
Gaines,  J.  D. 

Gans,  John  L. 

Giles,  Walter  A 

GiLLILAND,  E.  T. 

Goldmark,  Chas.  J. 
.Gorton,  Charles 
Gordon,  Rkginai.d 

Gray,  W.  N. 
Greenberg,  Adolph  G. 

Grower,  Gkorgk  G. 


Address.  Date  of  Elccion- 

Electrical  Engineer,  Thomson-Hous- 
ton Electric  Co.,  Lynn,  Mass.  June  17,  1890 
First  Lieut. 

Corps  of  Engineers,  U.  S.  A. 

Portland,  Or.    Oct.  21,    1890- 
Ass't  Electrician  in  charge  of  Tests, 
Edison    Lamp   Works,    Harrison, 
N.  J.  Dec.     6,  1887 

Supt.  Steubenville  Street  Railway 
Co.,  Steubenville,  O.  Mar.   18,  1890- 

Special  Agent,  Electrical  Industries, 
U.  S.  Census.  P.  O.  Box  432. 
Washington,  D.  C.  April  21,  1891 

Agent,  Railway  Dept.,  Thomson- 
Houston  Elec.  Co.,  Society  for 
Savings  Bldg..  Cleveland,  O.  Sept.  22,  1891 

104    Columbia    Heights,    Brooklyn, 

N.  Y.  April  21,  1891 

Lawyer, 

137  Broadway. 

New  York  City.     Sept.  16,  1890- 

Electrician,  Room  201,  18  Broadway, 

New  York  City.  Mar.  18,  1890 

President  and  General  Manager,  Rut- 
land Electric  Light  Co.,  Rutland, 
Vt.  June   17,  1890 

Honorary  Fellow  in  Electrical  En- 
gineering, Columbia  College,  120 
West  125th  Street,  New  York.  Mar.   18,  1890- 

Draughtsman,  Mather  Electric  Co., 

Manchester,  Conn.     Dec.    16,  1890- 
Vice-President,    Estey   Organ    Co., 

Brattleboro,  Vt.  Mar.     5,  1889 

Second  Ass't.  Superintendent,  The 
Commercial  Cable  Co.,  Hazel 
Hill.  N.  S.  Oct.    21,  1890 

Superintendent  and  Electrician, 
The  Elebtric  Company, 

Connellsville,    Penn.     June  26.  1891 
Engineer  and  Contractor,  416  Lewis 
Block,  Pittsburgh,  Pa.  Nov.     i,  1887 

179  West  End  Ave.,  New  York.  April  15,  1884 

473  Park  Ave.,  New  York.  June     5,  1888 

Civil  Engineer,  Belmont,  N.  Y.  Nov.  12.  1889 

Assistant  in  Physics.  Columbia  Col- 
lege, New  York  City,  Residence, 
76  Park  Ave.  '  Feb.  24,  1891 

Electrical  Engineer,  12  Chamber  of 

Commerce.  Cincinnati,  O.  Oct.      i,  1889 

Salesman,  Fort  Wayne  Electric  Co., 
115  Broadway,  New  York  City, 
2x6^  17th  Street,  Brooklyn,  N.  Y.      Mar.  17,  (891 

Electrician    and    Chemist,    Ansonia 

Brass  and   Copper  Co.,   Ansonia,      C^ r^r^r^^r> 

•   Conn.  digitized  b5M^.Qite>g4^ 
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ASSOCIATE  MEMBERS, 


Name, 

-Griffin,  Capt.  Eigene 

gutmann,  ludwig 
Hadley,  Warren  B. 

Hall,  Edwin  H. 

Hall,  John  L. 

Hall,  William  P. 
Halsey,  William  B. 
Hamilton,  William  H. 
Hancock,  L.  M. 

Handley,  Arthur 

Harding,  H.  McL. 
Harrington,  Walter  E. 
Hart,  Francis  R. 

Haskins,  Caryl  D. 
Hasson,  W.  F.  C, 

Hatzel,  J.  C. 

Healy,  Louis  W. 

Heilman,  Donald  B. 
Heinrich,  Richard  O. 

Henderson,  Albert  H. 
Henry,  John  C. 
Henshaw,  Fredkrick  V. 

Hering,  Hermann  S. 


Address.  Date  of  Election. 

Thomson- Houston  Elec.  Co.,  395 
Commonwealth  Ave..  Boston, 
Mass.  Feb.     7,  1890 

Electrical  Engineer,  P.  O.  Box  560, 

Pittsburgh,  Pa.,  Sept.  14.  1888 

Supt.  Wiring  Dept.,  Edison  Elec- 
tric Illuminating  Co.,  431  Fifth 
Ave.,  New  York.  June  26,  1891 

Assistant  Professor  of  Physics,  Har- 
vard College,  Gorham  St.,  Cam- 
bridge, Mass.  Sept.  3,  1889 
Manager,  Western  Union  Telegraph 
Co.,  300  Market  St.,  Wilmington, 
Del.  .Sept.  22,  1891 
President,    The    Hall    Signal    Co., 

50  Broadway,  New  York  City.  Sept.  16.  1890 

Inspector,  Postal  Telegraph-Cable 
Co.,  94  Leonard  St.',  New  York.       Mar.    18,  1890 

Dealer  in    Electrical   Supplies,    100 

State  St.,  Albany,  N.  Y.  Sept.  22,  1891 

Supt.  of  Construction,  Western 
Electric  Co..  22  Thames  St., 
New  York  City.  May  19,  1891 

Electrical  Engineer,  Electrical  En- 
gineering Co.  of  Ireland,  Limited, 
61  Dawson  St.,  Dublin,  Ireland.        Dec.    16,  1890 

Railway  Dep't,  Westinghouse  Elec- 
tric Co. ,  Pittsburgh,   Pa.  May    34,1887 

Wheeling  Electric  Railway, 

Wheeling,  W.  Va.      Mar.   17,  1891 

Supt.  of  Construction,  Mass.  Elec- 
trical Engineering  Co.,  4  P.  O. 
Square,  Boston,  Mas^.  April  21,  1891 

Electrician,  Thomson-} I ouston  Elec- 
tric Co.,  Lynn,  Mass.  Mar.    18,  1890 

Assistant  Engineer,  U.  S.  N.  In- 
structor. Johns  Hopkins  Univers- 
ity, Baltimore,  Md.  Mar.    18,  1890 

Electrical  Engineer  and  Contractor, 
29  West  Twenty-sixth  St.,  New 
York.  Sept.     3,  1889 

The  Wightman  Electric  Co.,   1205 

Marion  St  ,  Scranlon,  Pa.  June  26,  1891 

Jonestown,  Pa.  Mar.    18,  1890 

Demonstrator  in  Electrical  Engineer- 
ing and  Physics.  Lehigh  University, 
South  Bethlehem,  Pa.  Oct.      I,  1889 

315  Drexel  B]«1g., 

Philadelphia.   Pa,      July    12,  1887 

Electrical  Engineer,  114  E.  54th  St., 
New  York  City.  April  21,  1891 

Assistant  Electrician,  The  "C.&  C." 
Electric  Motor  Co.,  402  Greenwich 
St.,  New  York.  Feb.      5,  1889 

Johns    Hopkins    University,    Balti- 
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Name. 

Herrick,  Charles  H. 


Address.  Date  of  Election, 

Manaeer  and   Electrical    Engineer, 


Wnght  Electrical  Engineering  Co. 
Co.,  196  Summer  St.,  Boston, 
Mass.  April  21,  1 891 

The  Edison  General  Electric  Co., 
Edison  Building,  Broad  St., 

Box  3067,  New  York  City.     Sept.  16.  189a 

Electrical  Engineer,  Isolated  Dept. 
Thomson- Houston  Electric  Co. 
65  Columbia  Heights,  Brooklyn, 
N.  Y. 

General    Superintendent,    American 

Telephone     and     Telegraph      Co., 

18  Cortlandt  St..  N.  Y.  City. 

Electrician,  The  Excelsior  Electric 
Co.,  196  Willoughby  St.,  Brook- 
lyn. N.  Y. 

Post-graduate  Student,  Johns  Hopkins 
University,  Baltimore,  Md. 

Engineering     Dept.,    Edison   Gen'l 

Elec.  Co.,  Portland,  Ore. 
Electrical     Engineer,    with    C.     H. 

Davis,  120  Broadway,  N.  Y.,  445a 

Macon  St.,  Brooklyn,  N.  Y. 

Holt,  Marmaduke!Burrell,  Aspen  Mining  and  Smelting  Co., 

Aspen,  Col. 

403  North  8th  St.,  St.  Louis,  Mo. 


Hewitt,  Charles 
Hewlett,  Edward  M. 

HiBBARD,  Angus  S 

HOCHHAUSEN,  WiLLIAM 

Hoffman,  Samuel  V. 
HOLCOMB,  Eugene  R. 
Holmes,  Franklin  S. 


Hopkins,  J.  Herbert 
HosFORD,  Henry  H. 

Howson,  Hubert 

Hubrecht,  Dr.  H.  F.  R. 

Huff,  S.  W. 

Humphreys,  C.  J.  R. 
I  DELL,  Frank  E. 
Ihlder,  John  D. 

Insull,  Samuel 
Ives,  Edward  B. 

Izard,  E.  M. 
Jackson,  C.  H. 


Electrical  Engineer,  1009  Society  for 
Savings  Bldg.,  Cleveland,  O. 

Patent  Lawyer,  38  Park  Row,  New 
York. 

Director,  Nederlandsche  Bell  Tele- 
phone Co.,  Amsterdam,  Holland. 

Manager,  Electrical  Department  of 
Factory,  Baxter  Electric  Motor 
Co.,  2100  Druid  Hill  Ave.,  Balti- 
more, Md. 

Manager,  Lawrence  Gas  Co.,  Law- 
rence, Mass. 

Mechanical  Engineer  41  Dey  St., 
New  York. 

Electrical  Engineer,  with  Osterheld 
&  Eickemeyer,  Manuf'rs  of  Dyna- 
mos and  Motors,  Yonkers,  N.  Y, 

Electrical  Manufacturer,  Box  3067, 
New  York. 

Lieutenant  U.  S.  A.,  Electrical  En- 
gineer, 139th  St.  and  Grand  Boule- 
vard, New  York. 

Electrical  Engineer,  The  Electrical 
Engineering  Co  ,  320  Dearborn 
St.,  Chicago,  III. 

President,  United  Electric  Light  and 
Power  Co.,  59   Liberty  St.,  New 

York. 
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ASSOCIATE  MEMBERS. 


Name. 

Johnston,  A.  Langstaff 


Johnston,  W.  y 


Addreat. 
Civil  and  Consulting  Engineer  in  the 
the  General  Construction  of  Elec- 
tric Railways.   1105  E.  Main  St., 
Richmond.  Va. 
President.  The  W.  J.  Johnston  Co., 
Ltd.,  Times  Building,  P.  O.  Box 
3332,  N.  Y. 
University  of  Tennessee, 

Knoxville,  Tenn. 
U.  S.  Civil  Engineer,  Oswego,  N.  Y. 


Jones.  F.  R. 

JUDSON,  WM.  PiERSON, 

Keen,  William  M.  B.  ^f.D.  85  Varick  Street,  New  York  City. 

Assistant  to  District  Engineer, 
Edison  General  Electric  Co.. 
140  E.  27th  St.,  New  York. 


Kellogg,  James  W. 

Kbnnblly,  a.  E. 
Kimball,  A.  S. 
Kinney,  II.  A. 

Kreidler,  W.  a. 


Lain,  David  E. 
Land,  Frank 

Laudy,  Louis  H. 


Law,  Myron  D. 


B,S, 


Electrician,  Edison  Laboratory, 
Orange,  N.  J. 

Professor  of  Physics.  Worcester  Poly- 
technic Institute,  Worcester,  Mass. 

Representative  Brush   Electric  Co., 
N.  y.  Life  Ins.  Building.  Omaha, 
Neb. 
Editor  and  Publisher,  Western  Elec- 
trician, 6  Lakeside  Building,  Chi- 
cago, III. 

Electrical  Engineer,  Yonkers,  N.  Y. 

606  Salina  St.,  Syracuse,  N.  Y., 
Hotel  Normandie,  N.  Y.  City. 

Assistant  in  Applied  Chemistry, 
School  of  Mines,  Columbia  College, 
New  York  City,  Residence,  239 
West  52d  St. 

Manager  Arc  Light  Dep't.,  Edison 
Machine  Works,  Schenectady, 
N.  Y. 


Date  of  Election. 

April  21,  1 891 

April  15,  1884 

May  20,  1890 
June  8,  1887 
Sept.  16,  1890 

June  26,  1 89 1 
May  I,  1888 
Sept.  3»  1889 

Mar.  18,  1890 

Oct.  4.  1887 
Nov.  13,  1888 
Sept.  22,  1 89 1 


Feb.  24,  1 89 1 


Feb.   7.  1888 


Ledoux,  a.  R. 

Chemical  Expert,  10  Cedar  St.,  New 

York. 

Dec.      7, 

1886 

Lee,  Huntington 

Pittsfield,  Mass. 

Dec.     3. 

1889 

Lee,  John  C. 

Chemist  and  Electrician,  American 
Bell  Telephone  Co. ,  Mountfort  St., 

Longwood.  Brookline,  Mass. 

Mar.    18, 

1890 

Lemp,  Hermann,  Jr. 

Electrician,  Thomson  Electric  Weld- 

ing Co  ,  Lynn,  Mass. 

April    2, 

1889 

Levy,  Arthur  B. 

Assistant  Engineer.  Arc  Light  Dep't. 
Edison  General  Electric  Co.,  235 

E.  50th  St.,  N.  Y.  C. 

Jan.   20, 

1891 

Lewis,  Henry  Frederick  William,  General  Manager  and  Se- 
cretary of  the  Western  Counties 
South  Wales  Telephone  Co.,  Eng- 
land, 8  Meridian  Road,  Redland. 
Bristol,  Eng. 

Elec'l  Testing  Bureau,  Johns  Hop- 
kins University,  Baltimore,  Md. 

Electrician  of  the  Marion,  N.  J. 
Factory,  United  Electric  Traction 
Traction  Co.,  2  W.  36th  St., 
New  York  City. 

Digitized  by 


LiBBiG,  Gustav  A.,  Jr. 
Lloyd,  Robert  McA. 
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Name. 

X.OGAN,  Charles  H. 

X.OOMIS,  OSBORN  p. 
LOVEJOY,  J.  R. 

LOWREY,  GROSVENOR  P. 

LoziER,  Robert  T.  E. 
LuFKiN,  Harvey  I.. 
LuNDELL,  Robert 


Address.  Date  of  Election. 

General  Manager,  Standard  Electric 

Co.,  Detroit,  Mich.  Nov.  i8,  1890 

Electrician,    Eureka    Electric    Co., 

53oNostrand  Ave.,  Brooklyn,  N.Y.    Sept.  16,  1890 

Electrical  Engineer,  Thomson-Hous- 
ton Electric  Co.,  620  Atlantic 
Ave.,  Boston,  Mass.  April  21,  1891 

Lawyer,  15  Broad  St.,  Residence  121 
Madison  Ave.,  New  York.  Nov.     i,  1887 

Electrical  Expert, 
The  Edison  General  Electric  Co., 
Broad  Street,  Box  3067,  New  York.     May   20,  1890 

General  Agent,  "C  &  C"  Electric 
Motor  Co.  404  Greenwich  St., 
New  York.  June   17,  1890 

Electrical  Engineer,  Interior  Conduit 
and  Insulation  Co.,  44  Broad  St., 
New  York.  Residence  1309  Bed- 
ford Ave.,  Brooklyn,  N.  Y.  Feb.     7,  1890 

Luquer,  Thatcher  T.  P.   Asst.    in    Surveying   and    Practical 

Mining,  and  Student  in  Electrical 
Engineering,  Columbia  College, 
N.  Y..  and  Bedford,  N.  Y.  June  26,  1891 

MacMullan,  Robert  Heath,  Treasurer  and  General  Manager, 

Brush  Electric  Lighting  Co., 
Lafayette,  Ind.  Sept.   22,  1891 

Electrical  Engineer  and  Contractor, 

143  Liberty  St..  New  York.     April  15,  1890 

136  Liberty  St.,  New  York.  April  15,  1884 

Electrical  Engineer,  in  charge  of  Eu- 
ropean Office  of  Thomson-Hous- 
ton International  Electric  Co., 
MichaelisbrQcke  i,  Hamburg,  Gy.     April    2,  1889 

Western  Agent,  Gibson  Electric  Co., 

Portland,  Oregon.  Mar.    18,  1890 

Electrical  Engineer,  with  Thomson- 
Houston  Electric  Co. ,  620  Atlantic 
Ave.,  Boston,  Mass.  June    2.  1885 

Washington  Carbon  Co.,  Washing- 
ton, Pa.  May  20,  1890 

Electrician,  United  Electric  Railway, 
Nashville,  Tenn ,  and  Wollaston, 
Mass.  Sept.  22,  1891 

Inspector  of  Isolated  Plants,  Edison 
Electric  Illuminating  Co.,  of  N. 
Y.  "Nevada"  70th  St.,  and 
Boulevard,  New  York  City.  Oct.    21,  1890 

Martin,  J.  Electrician, 

16  Oak  St.,  Newark,  N.  J.     Oct.    21,  1890 

Martin,  T.  Commerford    (Past  President.)    Editor, 

The  Electrical  Engineer^ 

150  Broadway,  New  York.     April  15,  1884 

Mason,  August^  F.  General  Manager,  Simplex  Electric 

Co  ,  620  Atlantic  Avenue,  Boston, 
Mass.  June  17,  1890 

Digitized  by  "^^JKJKJWW^ 


Mac  Questen,  W.  D. 

Madden,  O.  E. 
Magee,  Louis  J. 


Malcolm,  Philip  S. 
Mansfield,  Geo.  W. 

Marks,  Louis  B. 
Marple,  Lucius  E. 

Martin,  F. 


ASSOCIATE  MEMBERS, 


Name. 

Mason,  James  H. 
Mayer,  Geor(;r 
McKiBBiN,  George  N. 

McKlNSTRY,  J.  P, 

Mercer,  Andrew  G. 
Merritt,  Ernest 
MiDDLETON,  Edward  T. 

Miller,  Joseph  A. 
Miller,  Wm.  C. 

Miner,  W.  M. 
Mitchell,  John  Murray 
Mitchell,  Sidney  Z. 

Mix,  Edgar  W. 

Monell,  Joseph  T. 

Moore.  John  J. 
Mordey,  Wm.  Morris 

Morrison,  J.  Frank 
Morss,  Everett. 

Morton,  Henry,  Ph.  D 

Moses,  Dr.  Otto  A. 

Moss,  Geo.  W. 

MosscROP,  Wm.  a. 

Myers,  Geo.  Francis 

Nesmith,  S.  D. 


AddreM.  Date  of  Election^ 

Electrician  and  Supt.,  Mason  Battery 
and  Electrical  Co.,  120  Park  Ave., 
Brooklyn,  N.  Y.  May  19,  189C 

Mechanical  Draughtsman, 

Edison  General  Electric  Co. , 

68  Broad  St.,  New  York  City.     Dec.  i6,  1890 
Chemist  and    Electrician,    Reed  & 
McKibbin,    Consulting   Electrical 
Engineers     and     Contractors,    2 
Wall  St..  New  York.  June     8,  1887 

185  Seneca.St.,  Cleveland,  O.  April  15,  1884 

Treasuier  and  Electrician,  Waterloo    Sept.    3,  1889 

Electric  Co.,  Waterioo,  N.  Y. 
Instructor     in      Physics,      Cornell 

University,  Ithaca,  N.  Y.  Sept.  i6,  1890 

Instructor  in  Electricity  and  Phy- 
sics.     Rutgers      College,       New 

Brunswick,  N.  J.  Oct.    27.  1891 

Civil    and     Consulting     Engineer, 

Providence.  R.  1.  Dec.    9.  1884 

General  Manager,  Watervliet  Turn- 
pike &  R.  K.  Co  ,  3  South  Hawk 

Street.  Albany,  N.  Y.  Oct.  21,    1890 

Electrician   and   Inventor,    89  East 

Second  St.,  Plainfield,  N.  J.  July    12,  1887 

Lawyer,    Box   3712,    45   Wall   St., 

New  York.  June     2,  i88s 

Manager,  Oregon,  Washington   and 

Idaho    Agency,    Edison    General 

Electric  Co.,  Fleischner   Building, 

Portland,  Or.  Nov.    12,  1889- 

Electrician,  with  Thomson-Houston 

Electric  Co.,  Lynn,  Mass.  Sept.    3,  1889^ 

With  F.  B.  Crocker,   236  W.   22d 

Street,  New  York  City.  Oct.  87,  1891 

425  E.  Twenty-fourth  St. ,  New  York.      Nov.  12,  1889. 
Electrician,  Brush  Electrical  Engin- 
eering Co  ,  34  Montserrat  Road, 

Putney,  London,  Eng.  Sept.  22,  1891 

15  South  St.,  Baltimore, iMd.  April  15,  1884 

Electrician,    Simplex   Electric   Co., 

297  Beacon  wSt.,  Boston,  Mass.  Sept.  22,  1891 

President   of    Stevens    Institute    of 

Technology,  Hoboken.  N.  J.  May   24,  1887 

Electrician,   131  East   Seventy-third 

St.,  New  York.  May   17,  1887 

Station  Manager,  C.  &  S.  A.  Tel.  Co., 

Tehuantepec,  Mexico.  Jan.      7,  1890 

Sup't  of   Construction,  Woodbridge 

&  Turner,  Room  44,  The  Brevoort, 

Brooklyn,  N.  Y.  May     7.  1889 

Electrical    Engineer,    Westinghouse 

Bldg.    Penna  Ave.,  and  9th   St., 

Pittsburgh,  Pa.  June    17,  1890 

Manager,  Cleveland  Office,  Thomson'- 

Houston  Electric  Co.,  48  Arcade, 

C:ieveland,  O.  L),g,t,zed  by^<it/($^^ 


ASSOCIATE  MEMBERS. 


Name. 

Nbwbll,  Arthur  J, 
Nichols,  Arthur  E. 


NuNN,  Richard  }.,M,  D. 
ockkrshausbn,  h.  a. 
O'Dra.  M.  ' 
Otten,  Dr.  Jan  D. 

OWKNS,  R.  B. 

Palmer,  G.  W.,  Jr. 
Parcellb,  Albert  L. 

Parsell,  Henry  V.,  Jr. 
Paul,  Chas.  M. 

Peck,  Edward  F. 

Peck,  Samuel  C. 

Pbircb,  Wm.  H. 

Perkins,  Frank  C, 
Phillips,  Eugene  F. 

Pike,  Clayton  W. 

Poole,  Cecil  P. 

Poor,  Chas.  Lane 

PupiN,  Dr.  Michael  I. 

Pope.  Ralph  W. 


Powell,  William  H. 
Putnam,  H.  St.  Clair 

Rae,  Frank  B. 


Date  of  Election. 

Mar. 

i8,  1890 

Mar 

18,  1890 

July 

12,  1887 

Sept. 

6,  1887 

June 

8,  1887 

Nov,  18,  1890 

June  17,  1890 
April  15. 1890 


Dec. 
Nov. 


16,  1 891 
12,  1889 


Address. 
Electrical  Engineer,  R.  T.  Oakes  & 

Co.,  184  Beech  St.,  Holyoke.  Mass. 
Student  in   Electrical  Engineering, 

Columbia  College,  16  E.  35th  St., 

New  York  City. 
Physician,  119^  York  St.,  Savannah 

Ga. 
Electrical    Engineer.    65    Madison 

Ave.,  Jersey  City,  N.  J. 
Electrician,    University    of     Notre 

Dame,  Notre  Dame,  Ind. 
Engineer,      Thomson- Houston  In- 
ternational Electric  Co.,  Michaels- 

brucke  i,  Hamburg,  Germany. 
Professor  of  Electrical  Kngineering, 

University  of  Nebraska,  Lincoln, 

Neb. 

Address  Unknown. 

Electrician  and  Inventor,  157 
Washington  St  ,  Boston,  Mass. 

31  East  Twenty-first  St.,  New  York. 

Electrician.  172  Remsen  St.,  Brook- 
lyn, N.Y. 
General  Sup't  Citizens  Electric  Illu- 
minating Co .  Cor.  Rockwell 
Place  and  DeKalb  Ave. ,  Brooklyn, 
N.Y. 

Electrician.  Thomson- Houston  Elec- 
tric Co.,  620  Atlantic  Ave,  Bos- 
ton, Mass. 

Consulting  Engineer,  Keyser  B'ld'g, 
German  and  Calvert  Sts.,  Balti- 
more, Md. 

209  Central  Ave.,  Dunkirk,  N.  Y. 

M'f'r  Insulated  Electric  Wire,  Provi- 
dence, R.  I. 

Instructor  in  Electrical  Engineering 
University  of  Pa.,  Philadelphia,  Pa. 

Contracting  Electrical  Engineer, 
206-8  Eighth  St.  Lynchburg,  Va. 

Johns  Hopkins  University,  Baltimore, 
Md. 

Instructor  in  Mathematical  Physics, 
Columbia  College,  68  W.  72d  St., 
New  York  City. 

Secretary  to  the  American  Institute 
of  Electrical  Engineers,  12  W. 
31st  St.,  Editor  Electric  Power, 
136  Liberty  St.,  New  York.  Resi- 
dence, 570  Cherry  St.,  Elizabeth, 
N.J. 

New  Britain,  Conn. 

Treasurer  and  Electrician,  Thomson- 
Houston  Carbon  Co.,  Fremont,  O. 

Electrical  Engineer,  Detroit  Electri-  j 

cal  Works,  Detroit,  Mich.         ugtzfApril  15,  1884!^ 


May     7,  1889 

May    20,  1890 

Sept     6,  1887 

Sept.    7.  1888 
Oct.  21,    1890 

July  13.  1889 

Dec.  16,  1 891 

Jan.  3,  1888 

Dec.  16,  1890 

Mar.  18,  1890 


June    2,  1885 
June  17.  1890 

Sept.  16,  1890 


em 


A880aiATE  MEMBBE8. 


Name. 
Randall.  John  E. 

Rkbd,  Chas.  J. 

Reed,  Henry  A. 

Reid,  Thorburn 
Reilly,  John  C- 
Reinmann,  a.  L. 
Rbist,  H.  G. 

RiKER.  Andrew  L. 
Robb,  Wm.  Lispenard 
Robinson,  Almon, 

Rodman,  Samuel,  Jr. 

Roebling,  Ferdinand  W. 
Roessler.  S.  W. 
Rogers,  Edward  H. 


Addrew.  Dmte  of  Election. 

Incandescent  Lamp  Dep't, Thomson- 
Houston  Electric  Co.,  Lynn,  Mass.    May     7,  1889 

Electrician,  224  High  St.,  Orange, 
N.  J.  Mar.    5,  18S9 

Secretary  and  Manager,  Bishop 
GntU-Percha  Co.,  422  East  Twen- 
ty-fifth St.,  New  York.  June     4,  1889 

Edison  General  Electric  Co., 

Schenectady,  N.  Y.   Oct.    21,  1890 

General  Sup't,  N.Y.  & N.  J.  Tel.  Co., 

16  Smith  St.,  Brooklyn.  N.  Y.  April  15,  1884 

Electrician,  510  W.  23d  St.. 

New  York  City.    June     8,  1887 

Electrical  Engineer,  Thomson- Hous- 
ton Electric  Co.,  113  Franklin  St., 
Lynn,  Mass.  June    17,  1890 

Electrical  Engineer,  15  East  Fifty- 
fifth  St..  New  York.  Nov.     T,  1887 

Professor  of  Physics,  Trinity  College, 

Hartford,  Conn.  Dec   16,  1891 

Draughtsman.  Expert  in  Methods  of 
Gearing,  P.  O.  Box,  943,  Lewis- 
ton,  Me.  Sept.     6, 1887 

Lieut   1st  Artillery,  U.  S.  A., 
Fort  Adams, 

Newport  R,  I. 

Manufacturer  of  Electrical  Wires 
and  Cables,  Trenton.  N.  J. 


Captain,  U.  S.  A..    U.  S.  Engineer 

or      -  - 


Sept.  16,  1890 
June  8,  1887 
Dec.   3.    1889 


•ffice,  Memphis,  Tenn 
Patent   Lawyer,   firm  of  Pope  and 

Rogers,  15  Wall  St.,  New  York. 

City.  Sept.  22,  1891 

Mechanical    Engineer,  Estate  of  F. 

W.  Richardson,  Troy.  N.  Y.  Sept.     3,  1889 

Rosebrugh,  Thomas  Reeve  Lecturer  in  Electrical  Engineering, 

School    of     Practical     Science, 
Toronto,  Ont.  June   26,  1891 

Electrical  Patent  Solicitor,   Care  of 
The     Electrical     IVorU,     Times 

Building.  New  York.  Jan.      3,  1889 

Supt.  Manhattan  £.  L.  Co.,  80th  St., 

and  Ave.  B.  Residence, 784  Lexing- 
ton Ave.,  N.Y.  City.  Oct.   21.  1890 
Electrician  and  Patent  Solicitor,  1408 

Pennsylvania    Ave. ,    Washington 

D.  C.  April  15,  1884 

Toronto  Construction  and  Electrical 

Supply  Co.,  63  Front  Street,  W. 

Toronto,  Can  Sept.  22,  1891 

Professor  of  Electrical  Engineering, 

Cornell   University,  Ithaca.  N.  Y.     Oct.     4,  1887 
Manhattan    Electric   Lighting    Co.. 

13  Spencer  Place.  Brooklyn,  N.  Y.    Nov.  24.  1891 
General  Manager,  N.  V.  &  N.  J.  Tel. 

Co.,  16  Smith  St.,  Brooklyn,  N.  Y.     April  15,  1884 
381  Boylston  St.,  Bostop,  Mafflgtzed  byJunfL7vJ9y^687 


Rogers,  Winfield  S. 


RoSENBAUM,  Wm.  a. 

Rosenberg,  E.  M. 

RoYCE,  Fred  W. 

Rutherford,  W.  M. 

Ryan,  Harris  J. 
Sanborn,  Francis  N. 
Sargent,  W.  D, 
SawyeRi  Frederick  J 
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Name. 
SAXELBYp  Frederick 


SCHLossER,  Fred.  G. 

ScHMiD,  Albert 
Schmidt,  Frederick 

Schmidt.  Giacomo 

Searing,  Lewis 

Seely,  J.  A. 

Serrell,  Lemuel  Wm. 
Shaw,  George  B. 
Sheble,  Franklin 
Sheehy,  Robert  J. 

Shebhan.  William  M. 

Shbpardson,  George  D. 

Sinclair,  H.  A. 

Sise,  Charles  F. 

Smith,  Frederick  H. 

Smith,  Gerritt 

Smith,  Harold  Babbitt. 

Smith,  J.  Elliot 

Smith,  Oberlin 

SoczA,  Carlos  Montejro 


Address  of  Election. 

Electrical  Engineer, 

416  Jersey  St., 

Harrison,  N.  J.      June   5,  1888 

Superintendent  of  Electric  Dept., 
Laclede  Gas  Light  Co.,  1801 
Wash  St.,  St.  Louis,  Mo.  Sept.  22,  1891 

Superintendent.  Westinghouse  Elec- 
tric &  Mfg.  Co.,  Pittsburgh,  Pa.        Oct.    21   1890 

Managing  Director,  The  Schmidt- 
Douglas  Electric  Co.,  L'td..  ^i 
Blenheim  Rd..  Bradford,  England.    Jan.     3,  1888 

Ass't  General  Manager,  Richmond 
Light.  Heat  and  Power  Co.,  New 
Brighton.  N.  Y.  April  21,  1891 

Thomas.  Shepard  &  Searing. 
69  Arapahoe  Building, 

Denver.  Colorado.     April    3,  1888 

General  Manager,  Complete  Con- 
struction Co.,  10  Cortlandt  St., 
New  York.  April  15,  1884 

Mechanical  and  Electrical  Engineer, 

10  Wall  St.,  New  York.  Nov.     i,  1887 

General  Manager,  National  Electric 

Mfg.  Co.,  Eau  Claire,  Wis.  April  15,  1890 

Electrical  Engineer.  Thomson-Hous- 
ton Electric  Co.,  Lynn.  Mass.  Oct.    21,  1890 

Electrical  Engineer.  Equitable  Mfg. 
and  Electric  Co. ,  24  West  St.  and 
loi  W.  76th  St.,  New  York  City.      April  2f,  1891 

Manager  and  Electrician.  Newburgh 
Electric  Light  &  Power  Co..  65 
Montgomery  St..  Newburgh.  N.Y.     Sept.    3,1889 

Dep't.  of  Electrical  Engineering, 
University  of  Minnesota.  Minne- 
apolis, Minn.  April  21,  1891 

Electrical  Engineer.  The  Tucker 
Electric  Co.,  950  Bedford  Ave., 
Brooklyn,  N.  Y.  June   17,  1890 

Vice-President  and  Managing  Direc- 
tor, Bell  Telephone  Co.,  of  Canada, 
and  Canadian  Telephone  Co  ,  Ltd., 
Montreal,  Canada 

Civil  Engineer.  227  East  German 
St.,  Baltimore,  Md. 

Circuit  Electrician,  195  Broadway, 
P.  O.  Box  3393,  New  York 

Adj.  Prof,  in  charge  of  Electrical 
Engr'g  I3ept.,  Arkansas  State 
University,  Fayetteville,  Ark. 
Barre,Mass  (till  Mar  2.) 

Superintendent  Fire  Alarm  Tele- 
graph, 157  East  Sixty-seventh  St., 
New  York. 

President  and  Mechanical  Engineer, 
Ferracute  >rachincCo  .  Lochwold, 
Bridgcton.  X   J. 

e  Rio  de  Janeiro,  Brazil  Digitized  by 


June  8,  1887 
Nov.  12,  1889 
April  15,  1884 
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Name. 

Spaulding,  Hollon  C. 


Spicer.  Chas.  W.  W. 
Spikb,  Clarence  J. 
Sprague,  Frank  J. 


Spruson,  Wilfred  J. 


Squier,  George  O. 


Stadelman,  Wm.  a. 


Stanley,  Wiluam,  Jr. 
Stearns,  Charles  K. 


Stockbridge,  Geo.  H. 
Stockly,  Geo.  W. 
Stone,  Charles  A. 

Strong,  Frederick  G. 

Stuart,  Otis  K. 

Stump,  Clarence  E. 

Sullivan,  M.  C. 
Sweet,  Henry  N. 

Taber,  Robert  6. 

Taylor,  Charles 
Temple,  William  Chase 

Tesla,  Nikola 


Address.  Date  of  Eleedoa. 

Scc'y,  Thomson- Van  Depoele  Elec- 
tric Mining  Co.,  6ao  Atlantic  Ave., 
Boston,  Mass.  April  21,  1891 

122  W.  2ist  Street,  New  York  City.     Nov.  12,  1889 

Halifax,  N.  S  Mar.  18,  1890 

{Vice-President.)  Electrical  En- 
gineer and  Inventor,  182  West 
End  Ave. ,  Firm  of  Uprague,  Dun- 
can &  Hutchinson,  15  Wall  St., 
New  York  City.  May   24,  1887 

Member  of  the  firm  of  Hepburn  & 
Spruson,  Consulting  Engineers 
and  Electricians,  169  King  St., 
Sydney,  Australia.  Dec.  16.  1890 

Lieut.  U.  S.  A.,  Student  of  Physics, 
Box  243.  Johns  Hopkins  Univer- 
sity, Baltimore,  Md.,  May  19,  1891 

Vice-Prest.  and  Chief  Engineer, Equit- 
able Engineering  and  Construction 
Co.,  Drexel  Building,  Philadelphia, 
Pa.  Feb.     7,  1890 

Electrician,  Pittsfield,  Mass.  Dec.     6,  1887 

Sup't  of  Construction,  N.  W.  Thom- 
son-Houston Electric  Co.,  403 
Sibley  St.,  St.  Paul,  Minn.  Aug.     6,  1889 

Patent  Attorney,  and  Editor  Electric 
/'^^w^r.  136  Liberty  St.,  New  York.     May  24,1887 

President,  Brush  Electric  Co.,  Cleve- 
land, O.     Lake  wood,  N.  J.  April  15,  1884 

Manager  with  E.  S.  Webster,  Mass. 
Electrical  Engineering  Co. ,  4  P.  O. 
Square   Boston,  Mass.  May  19,  1891 

Electrician,  Midland  Electric  Co., 
16 1 6  Seventeenth  St.,  Denver 
Colo.  Oct.   27,  1891 

Agent,  Germania  Electric  Co.,  Room 
21,  City  Trust  Building,  Philadel- 
phia. Pa.  June     4,  1889 

Vice-President  and  Business  Manager, 
Street  Railway  Publishing  Co., 
Worid  Building,  New  York.  May    17.  1887 

Electrical     Engineer,     care    Electric 

Club,  17  E.  22d  St.,  New  York  City.    Dec.    16.  1890 

Chief  of  Patent  Bureau, 
Thomson  Electric  Welding  Co., 

89  State  St.,  Boston,  Mass.     May  20,  1890 

Gas  Engineer,  Special  Agent  Thom- 
son-Houston Electric  Co.,  620 
Atlantic  Ave.,  Boston,  Mass.  Sept.  16,  1890 

Metallurgist.  U.  S.  Assay  Office,  30 
Wall  St.,  New  York.  Nov.     i,  1887 

Mechanical  and  Electrical  Engineer, 
Lewis  Block,  P.  O.  Box  800  Pitts- 
burgh, Pa.  May     3,  1887 

Electrical  Engineer  and  Inventor, 
The   Gerlach.  55    West  27th  St.,      ^-^  t 

New  York.  Digitized  bjtsfiOQgi® 
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Ms 


Name.  Addrea. 

Thompson,  Alexander       Sapt.  Electrical   Dept.,  and   Chief 

Engineer,  Superior  Water,  Light 
and   Power  Co.,   West  Superior, 
Wis. 
Thompson,  Wiluam  Geo.  MacNeill,  Resident  Engineer,  Sault 

Ste.  Marie  Canal,  Sault  Ste.  Marie, 
Ontario. 
ToBEY,  William  Boardman  Pittsfield  Electric  Light  &  Power 

Co.,  Pittsfield,  Mass. 
Supt.  and.  District,  Edison  Electric 
III.    Co.,   49  W.   26th  St.,  New 
York  City. 
(Managa).    Attorney  and  Expert  in 
Electrical  Cases,  5  Beekman  St., 
New  York. 
32  Belmont  Ave  ,  Providence,  R.  I. 
Electrical    Expert,    with  Thomson- 
Houston  Electric  Co. ,  Lynn.  Mass. 
Storekeeper,    Sawyer-Man    Electric 
Co.,  510  West  23d  St.,  New  York 
City. 
Brush  Electric  Co.,  and  1299  Euclid 

Ave.,  Cleveland  Ohio. 
Ass't.  Supt.  and  Chemist, 

U.  S.  Aluminium  Metal  Co., 

Boonton,  N.  J. 
Field  Engineering  Co.,  143  Liberty 

St.,  New  York. 
(Managet).     Treasurer  and  General 
Manager,     Edison     Lamp     Co., 
Harrison,  N.  J.     Residence,  107 
Day  St.,  Orange,  N.  J. 
18  Cortlandt  St.,  New  York. 
Manager,   Duluth    Telephone    Co., 
Duluth,  Minn. 

General  Superintendent,  The  H. 
Ward  Leonard  &  Co.,  136  Liberty 
Street,  New  York  City. 

Assistant  Supt.  and  Electrician, 
Sawyer-Man  Electric  Co.,  534  W. 
23d  St.,  New  York  City. 

Wilmington  City  Electric  Co.,  Wil- 
mington, Del. 

Central  and  South  American  Tel. 
Co.,  Tehuantepec,  Mexico. 

Executive  Engineer,  Pacific  Railway 
Co.,  Los  Angeles,  Cal. 
Van  Wyck,  Philip  V.  R.,  Jr.   36  W.  12th  St.,  New  York  City. 

Electrician,  Okonite  Insulated  Wire 
Co.,  Passaic,  N.  J. 

Dealer  in  Electrical  Supplies,  Ponce, 
Porto  Rico. 


TOTTINGHAM,  F.  M. 

TowNSEND,  Henry  C. 

Tregoning,  John 
Trott,  a.  H.  Hardy 

TUTTLE,  George  W. 

Uebblacker,  Chas.  F. 
Uehling,  T.  a. 

Uklsnhaut.  Fritz,  Jr. 
Upton,  Francis  R. 


Vail,  Theo.  N. 
Van  Brunt,  Walter 

Vance,  A.  St.  Clair 


Vandergrift,  James  A. 

Van  Trump,  C.  Reginald 
Van  Valkenburgh,  F.  S. 
VanVleck,  Frank 


Varley,  Richard,  Jr. 
ViDUARRB,  Jose 
Wacker,  George  G. 


Wallace,  William 
Walter,  Henry  E. 


Electric  Organs,  3644  Third  Ave., 

New  York. 
Wire  Manufacturer,  Ansonia,  Conn. 
3    Princes   Mansions,   Victoria    St., 

London,  Eng.  Digitized! 


Date  of  Electkm. 

April  21,  1 891 

July    12,  1887 
Sept.  16,  1890 

April  21,  1891 

July    10,  1888 
April    2»  1889 

Jan.   20,  1891 

Mar.  17,  1891 
Feb.     7,  1890 

May  19,  1891 
May     7,  1889 


May  17,  1887 
April  15,  1884 

Sept.    6,  1887 


April    2,  1889 

Nov.   24,  1891 

Feb.     5,  1889 

June     5,  1886 

Nov.  16,  1886 
April  21,  1891 

Mar.  18,  1890 

Sept.    6,  1887 

Sept.    6,  1887 
April  15,  1884 
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Name 
Wardbll,  Gborgs  p. 
Waring,  Richard  S. 
Waring,  John 

Wason,  Chas.  W. 

Watirhousv,  Frank  G. 
Watbrs,  Edward  G. 

Watson,  Robert 
Watts,  H.  Franklin. 
Webster,  Edwin  S. 
Welles,  Francis  R, 
Whits,  Geo.  Montagu 

White,  H.  C. 
White,  J.  G. 

White,  Will  F. 

Whitmore,  W.  G. 

Whitney,  Henry  M. 
WiGHTMAN,  Merle  J. 

Wiley,  Wm.  H. 
Williams,  Arthur  S. 

WiLUAMS,  Charles,  Jr. 

Williams,  James  B.  M. 
Wilson,  Charles  H. 

WiLLYOONG,  Elmer  G. 

Winkler.  Charles  F. 

WiNSLOW,  I.  E. 


Addrea  P«te  of  Rtecrtfo, 

19  Cedar  St.,  Newark,  N.  J.  Not.  19,  iWq 

205  Peon  Building.  Pittsbiuigrfa,  Pa.      April  is.  1884 

Consulting  Electrician, 

The  Perkins  Electric  Lamp  Co., 

Manchester,  Conn.    Dec   16,  1890 

Electrical  Engineer,  East  Cleveland 
R.  R.  Co.,  176a  Euclid  Ave., 
Cleveland,  O.  May  19,  1891 

Room  6,  No.  30a  Asylum  St., 

Hartford,  Conn.    Sept.    6  1867 

Electrical  Engineer.  Thomson-Hous- 
ton Electric  Light  Co  ,  German 
National  Bank,  Pittsburg,  Pa.  Mar.  18.  1890 

The  Elektron  M'fg.  Co., 

89  Liberty  St.,  New  York  City.        Oct.  ai.     1890 

Electrical  Engineer, 
350  Edison  Ave.,  Schenectady.N.Y.     May  so,  1890 

Mass.  Electric  Engineering  Co., 
4  P.  O.  Square.  Boston,  Mast.         April  ax,  1891 

Manufacturer,  Bell  Telephone  Manu- 
facturing Co.,  Antwerp,  Belgium      Sept.    6,1887 

Agent  for  West  Indies,  Thomson- 
Houston  International  Electric 
Co.,  Kingston,  Jamaica,  W.  I.         Sept.  93,  1891 

Manager,  Phoenix  Iron  Works  Co., 

15  Cortlandt  St.,  New  York.  April  15,  1884 

J.  G.  White  &  Co. ,  Electrical  Engin- 
eers and  Contractors,  2g  Broadway 
New  York  City.  April    a,  1889 

Electrical  Engineer,  Sec'y  and  Treas. 
Western  Engineering  Co.,  415 
So.  15th  St.,  Omaha,  Neb.  Feb.      7,  1890 

Electrical  Engineer.  Edison  General 
Electric  Co.,  Edison  Building, 
Box  3067,  New  York  City.  Mar.   18,  1890 

President,  West  End  Street  Railway 
Co.,  81  Milk  St.,  Boston,  Mass.        July    la,  1887 

Vice-President  and  Electrician,  The 
Wightman  Elec.  Mfg.  Co. ,  4  Com- 
monwealth Bldg.,  Scranton,  Pa.        Mar.     5,  1889 

Scientific  Expert,  53  East  loth  St., 

New  York.  Feb,     7,  1688 

Electrician,  American  Telephone  and 
Telegraph  Co.,  18  Cortlandt  St., 
New  York  City.  Nov.  24,  1891 

Electrician,  100 Sudbury  St.,  Boston, 
Mass.  April  15,  1884 

J).  44  Broadway,  Room  60,  New  York.     Sept.    7,  x888 
General  Superintendent,  Chicago  Tele- 
phone Co.,  ao3  Washington  Street, 
Chicago.  III.  Nov.   34,  i8qi 

Electrician,  James  W.  Queen  &  Co., 

?24  Chestnut  Street,  Philadelphia, 
a.  Nov.  a4,  1891 

Electrician,   Troy  Electric   Dynamo 

Co.,  4  Park  Ave.,  Troy,  N.  Y.  Sept.    3,  1889 

458  Produce  Exchange.  New^j^l^  ,y  ^^^i|89 
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Name. 
WlNTRINGHAM,  J.  P. 

Wirt,  Charles. 
Wirt,  Herbert  C. 
WOLVERTOH,  B.  C. 

Wood.  E.  J. 

Woodruff,  H.  O. 
Woodward,  Francke  L. 

WooLF,  Albert  £. 


WORTHINGTON,  GEORGB 

Wright,  John  D. 
VouMG,  Alden  M. 


Zaumski,  Edmund  L. 


Addreaft.  Date  of  Eleetioii. 

Theorist,  36  Pine  St.,  New  York.         May     7,  1889 

Electrical  Engineer  of  the  Electrical 
Supply  Co.,  102.104  Michigan 
Ave.,  Chicago.  111. 

Electrician,  Marine  Dept.  Thomson- 
Houston  Electric  Co.,  12  Millmont 
St.,  Rozbury,  Mass. 

Electrician,  N.  Y.  &  Pa.  Telephone 

&  Telegraph  Co.,  Elmira,  N.  Y. 
Consulting  Engineer  and  Contractor, 

243  Broadway,  New  York. 

Des  Moines,  Iowa. 

Student  in  Electricity,  49  -Grand 
St.,  Albany,  N.  Y. 

Electrician  and  Inventor,  Woolf 
Electrical  Co. ,  20  Nassau  St.  Room 
50  and  864  Lexington  Ave.,  New 
York  City. 

Buffalo,  New  York 

Electrician's  Assistant,  United  Elec- 
tric Traction  Co.,  17  East  Park  St., 
Newark.  N.  J. 

Contractor  for  Organization  and  Com- 
plete Equipment  of  Electric  Light- 
ing  Plants,  loi  Bank  St ,  Water- 
bury,  Conn. 

Captain  of  Artillery,  U.  S.  A.,  Care 
of  War  Dept.,  Washington,  D.  C. 


Sept.    8,  1888 

June  26,  1 891 
Mar.   18, 1890 

July    12,  1887 
Oct.     2,  1888 

June  26,  1891 


Sept.  16, 1890 
April  15,  1884 

Oct.  21,  1890 


Sept.    6,  1887 
May   17,  1887 


Associate  Members, 


408. 


OFFICIAL  STENOGRAPHER. 
Ryan,  Richard  W.,  300  Mulberry  St.,  New  York  City. 


SUMMARY. 

Honorary  Members, •  3 

Members, 172 

Associate  Members. 408 

Total        ....  583 
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